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ABSTRACT.
Four species of Conifers were used in an invest­
igation on the effect of self-, cross- and open-pollin- 
ation on cone and seed setting.
Both Cedrus atlantica and Tsuga canadensis are 
shown to be completely self-incompatible, and in the 
latter species, incompatibility is associated with 
parthenocony. In Chamaecvnaris lawsoniana. the individual 
trees behave differently and show either complete or 
partial self-incompatibility. Pinus silvestris is found 
to be partially self-incompatible. Possibly because of 
the small number of pollen parents used, no cross­
incompatibility has been demonstrated in any of the 
four species.
The behaviour of pollen in the self-incompatible 
pollinations is shown to be different in the four species. 
In C. atlantica. all self-pollinated cones fail to 
develop and fall off the tree writhin a few months of 
pollination. Pollen in the cross-pollinated cones remains 
dormant for about eight months before it germinates. In
T. canadensis, self-pollen does not germinate whatever 
its position on the cone-scales; but cross-pollen within 
a certain radius of the ovules germinates after six to 
eight weeks. In P. silvestris and G. lawsoniana. all 
pollen germinates, but in most self-pollinations pollen- 
tube growth is inhibited either in the nucellus or the 
embryo-sac.
Experiments on pollen germination in vitro show 
that pollen of all four species germinates readily at 
18^ C and higher temperatures.
The long period of pollen dormancy in the female 
cones of 0. atlantica is partly explained by the direct 
effect of temperature.
The nature of the incompatibility reaction is 
discussed, and it is suggested that in all four species 
the reaction is more likely to be oppositional rather than 
c omp1ement ary.
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INTRODUCTION.
Controlled self-pollinations in Conifers have 
previously been carried out only in relation to seed 
setting programmes in Forestry. Most workers recognized 
natural selfing as a potential problem in the production of 
improved seed (Dengler, 1932; Danglet, 194-0; Johnson, 194-5; 
Wright, 1953; Schreiner, 1953; Plym Forshell, 1953; Mergen, 
1954-; Orr-Ewing, 1954-)» They were mainly concerned with 
the production of good crops of cones and seeds, as well as 
pure lines of offspring, and not in the nature or occurrence 
of incompatibility mechanisms which they did not mention. 
Instead, they always referred to "self-sterility", "self­
infertility" and "self-fertility". They were also interested 
in the possibility of making successful cross-pollinations 
v/ithout bagging on isolated trees or blocks of single 
clones of trees (Allen, 194-2; Duffield, 1950) order to 
economize in time, cost and labour. Righter (194-6) estim­
ated the labour charge for producing controlled pollinated 
pine seeds to be from 30 to 4-5 man-days per 1,000 pollin­
ation bags each of which may enclose 3 to 15 potential cones.
Complete self-sterility has been reported in 
some species of Conifers. Allen (194-2) made self-pollin­
ations on four trees of Pseudotsuga menziesii (Mrb.) Fr. 
growing in British Columbia, and found that three of them 
gave no sound seeds at all, and the fourth only very few 
viable seeds. He believes this species to be highly self- 
sterile. Similarly, Duffield (1950) found that self- 
pollinations made on one tree of Douglas fir (Pseudotsuga 
taxifolia Carriers) yielded no sound seeds and relatively 
few hollow seeds. This self-infertility led him to suggest 
the possibility of making controlled crosses without 
bagging on isolated Douglas fir trees.
The relatively little work on PLcea and Larix has 
has shown that individual trees vary greatly in the effects 
of self-pollination. In Pice a glauca Sarg.Wright (1953) 
found that although some of the trees set as much seed on 
selfing as on crossing, others set no seeds at all on 
selfing. One tree in P. abies (L.) Karst, was "slightly 
self-fertile". Piatnitsty (1934-) made self-pollination 
experiments on five species of Larix* One of these species, 
L. laricina C. Koch, did not yield any mature cones. In 
the second species, L. sibirica Ledeb., one tree produced 
25.5% mature cones, and another none. In the third species, 
L. europaea D.C., only 3.4-% of the cones reached maturity;
and in the fourth, L. leptolepis Murr., and the fifth,
L» dahurica Turcz. , 13.6% and 44-.0% of the cones respect­
ively reached maturity. This shows that L. laricina and 
one tree of L. sibirica are self-sterile, and that 
L. europaea, L. leptolepis, L. dahurica and one tree of 
L. sibirica have different grades of self-sterility.
Langner (1951) sind Go the (1952) have confirmed this 
evidence for L. europaea and L. leptolepis. Similar 
results obtained for Pinus spp. are referred to in the 
discussion.
While seIf-incompatibility is of very widespread 
occurrence in the Angiosperms, it is hardly known in the 
Gymnosperms. In a survey of the distribution of self­
incompatibility throughout the families of flowering plants, 
Bast (194-0) estimated that se If-incompatibility occurred in 
more than 3>000 species, distributed among thirty eight 
families and nineteen orders, and including both Mono­
cotyledons and Dicotyledons. Recently, Fryxell (1957) 
listed the names of 632 self-incompatible species of higher 
plants.
The situation in the Gymnosperms is totally 
different. Indeed, Whitehouse (1950), in his study of the 
role played by incompatibility in the evolution of flower­
ing plants, claims that self-incompatibility is likely to
4be absent in Gymnosperms. He bases his argument on two 
main points:
(a) - The frequent occurrence of hermaphrodite flowers in 
the Angiosperme and the rarity of this condition in the 
Gymnosperms. In the 600 species of living Gymnosperms, 
hermaphrodite flowers are unknovm except as an abnormality, 
while in the Angiosperme, on the other hand, more than 70% 
of the genera contain only hermaphrodite species. In the 
British Flora, 92.2% of the species are hermaphrodite 
(Lewis, 194-2). Whitehouse suggests that the evolution of 
the hermaphrodite flower of Angiosperme was favoured by 
the development of self-incompatibility. This is supported 
by the findings of East (194-0) that, in the Angiosperme, 
almost all the species v/hich are self-incompatible have 
hermaphrodite flowers.
(b) - The presence of a closed carpel in the Angiosperme.
He argues that, in a gymnosperm, the thickness of the 
nucellar tissue which the pollen tubes must penetrate to 
reach the embryo-sac, is not enough to act as a physiological 
barrier of sufficient selective value. He considers that 
the multiple-allelomorph incompatibility of pollen and 
carpel tissue is the primary cause of the evolution of
the closed carpel and the success of the Angiosperms over 
their gymnospermous ancestors. He suggests that the profound
6"
significance of the closed carpel in the Angiosperms lies 
"in the protection of the ovules,, not from desiccation or 
the attacks of animals, but from fertilization by the 
individuals own pollen, without especially restricting 
cross-fertilization".
On the other hand, Bateman (1952) believes that 
the massive nucellus of the ovules of most Gymnosperms 
should be quite capable of acting as a physiological sieve 
for pollen tubes. The absence of a style in the Gymno­
sperms is not, to him, a sufficient explanation of the 
absence of seIf-incompatibility from this phylum "if it 
is indeed absent". Moreover, he reports that in a 
private communication, A. Gustafsson (Lund) claimed to 
have found self-incompatibility in Pinus silvestris.
It was hoped that a detailed investigation of 
certain Conifer species might reveal whether, in fact, 
incompatibility mechanisms are present and, if so, how 
they operate.
Four species of Conifers were chosen as suitable 
for this investigation:
(1) - Cedrus atlantica Manetti, where pollination takes
place in autumn but the pollen remains ungerminated 
for a period of eight months prior to fertilization.
(2) - Pinus silvestris L., where pollination takes place
in May and which, unlike the other three species, 
is a member of the British Flora.
(3) - Chamaecyparis lawsoniana Pari., where, unlike the
two previous species, pollination, fertilization 
and seed setting take place within one year.
(4) - Tsuga canadensis Carrière, v/here pollen is received
by the cone scales and not, as in the other three 
species, by the ovule.
POLLINATION TECHNIQUES,
1. Collection of Pollen.
Three methods are in use in forestry for 
collecting pollen of Conifers:
(1) - Small branches bearing the male cones are kept in
the laboratory until the male cones mature and 
shed their pollen. This method was used for 
Knus by Schreiner (1938), Johnson & Bradley 
(194-6) and Mergen et al. (1955); and for 
Pseudotsuga by Allen (194-2), Duf fie Id (1950) and 
Orr-Bwing (1954- and 1956).
(2) - Separate male cones are kept on sheets of paper in
the laboratory and allowed to shed their pollen. 
This was used for Pinus ponder os a and P. j ef f reyi 
by Cumming & Righter (194-8); for several species 
of Pinus and Plcea by V/right (1953) ; for Pinus 
elliottii and P. palus tris by Mergen et al. (1955) ; 
and for Pinus silvestris by Ehrenberg & Simak (1956)
?(3) - The male cone-hearing branches are bagged on
the trees until they shed their pollen. This was 
used for several species of Pinus in the Sierra 
Nevada of California (Cumming & Righter, 1948).
In the present investigation, the first method was 
used in Chamaecyparis lawsoniana and Tsuga canadensis. Small 
branches bearing the male cones were picked just before the 
cones were ready to shed their pollen, and were put in water 
at room temperature. Ripe cones can generally be recognized 
by their colour. They are pink in 0hamaecyparis and yellow 
in Tsuga. Where necessary, the acetocarmine squash method 
was used to examine the state of development of the male 
cones.
Subjecting these male cone-bearing branches to 
continuous artificial light (60-Watt lamp at a distance of 
10 inches) hastened dehiscence of pollen. This procedure 
was recommended by the Alice Holt Forestry Commission Station.
The second method was used successfully to collect 
large amounts of pollen of Pinus silvestris, Cedrus atlantica, 
C. deodar a and C. libani. As soon as the tree began to shed 
its pollen, dry unopened male cones were collected, put in 
glassine bags and taken to the laboratory. They were then 
placed on smooth sheets of paper, in uncovered Petri dishes, 
or left in the glassine bags, and allowed to shed their
pollen at room temperature. This method was not successful 
in Tsuga canadensis, where such male cones dried up without 
dehiscence.
The third method, which involves the bagging of 
male cones on the trees, requires bags of smooth materials 
such as glassine to which pollen does not adhere. It has 
been used successfully in Chamaecyparis lawsoniana and Tsuga 
canadensis.
After collection, the pollen was sieved, using a 
0.2 mm soil sieve, to remove fragments of the male cones.
The sieve v/as sterilized each time by washing it with hot 
water, then with 95% alcohol, and finally drying it on a 
hot plate.
Pollen not needed immediately for controlled 
pollinations was stored in small 10 c.c. vials stoppered 
loosely with cotton wool. These vials were placed in a 
calcium-chloride desiccator in the refrigerator for about 
one week. This treatment prevented contamination of pollen 
with moulds, and also prevented any insect eggs present in 
the pollen, especially that of Pinus, from hatching. These 
pollen maggots, besides injuring the pollen, had a tendency 
to clog the needle of the pollinator (cf. Mergen et al.,
1955). Finally, the pollen was stored in a desiccator 
containing a saturated solution of calcium chloride (to give
iû
55% relative humidity), and kept in a refrigerator at 
c. +5^ C. After pollen had been stored at this temperature, 
the vials were allowed to reach room temperature before they 
were opened. This prevented moisture from condensing on 
the inside walls.
2. Isolation of the Female Cones.
It is clearly essential that the young female 
cones should be effectively isolated from any exterior 
pollen contamination by enclosing them in bags. It is 
important to isolate them when there is little or no pollen 
in the air, and when they are at the right stage of develop­
ment, and to include as many female cones as possible in 
each bag.
Except for self-pollination experiments, all the 
male cone buds had to be removed, and it was always 
necessary to remove some of the needles from the enclosed 
branch to ensure that the female cones are not buried in a 
mass of foliage and to reduce transpiration which might 
otherwise result in excessive condensation of water vapour 
in the bags. In Cedrus atlantica and Pinus silvestris, 
most of the needles beyond the point of attachment of the 
bag were removed by stripping, leaving only those 
surrounding the young cones. These latter were usually
J1
trimmed with a pair of scissors to give a protective ring 
that served both to keep the tender female cones from 
rubbing against the bag, and the bag from being pierced by 
the sharp needles.
In Chamae cypari s lawsoni ana, where stripping was 
found to injure the female cones, the leaves and the male 
cone buds were removed a few at a time with a pair of 
scissors. In Tsuga canadensis, the terminal branchlets 
bearing the female cone buds were very tender and broke 
easily, so special care had to be used in handling them.
When the male cone buds and needles had been 
removed, the branch was inserted carefully, into a bag which 
left ample space for the terminal bud and the young female 
cones to develop. The base of the enclosed branch was 
protected with a strip of cotton wool in the place where the 
bag was securely tied on to it with a piece of string. 
Additional protection was given by enclosing the first bag 
in a second one. The strips of cotton wool had to be 
covered completely by the bags to avoid the destruction of 
the bags, and the probable injury of the female cones, by 
the birds which came to collect the cotton wool.
A small aluminium label, five inches in length, 
was fastened to the branch a few inches below each bag, and 
used to record the number of female cones in the bag and the
date of isolation.
The Pollination Bags.
Various kinds of hags are in use in forestry for 
isolating the female cones in Conifers, and are commonly 
called "pollination bags". Since they are normally left 
on the trees for four to six weeks, they must be of strong 
weather-resistant material. Different bags vary greatly in 
properties which may have an important bearing on the 
development of the female cones, and hence on the results 
of the experiments. These include the amount of light 
penetration, the amount of heat absorption and permeability 
to water vapour and air. Furthermore, they vary in strength 
and general weather resistance, in efficiency as a pollen 
barrier, in cost, and in the degree of transparency which 
enables one to watch the progress of the female cones.
They have been made of such material as paper 
(Dengler, 1952; Ehrenberg & Simak, 1956), viscose (Duffield, 
1950; Wright, 1953), or cloth (Larsen, 1934-; Cumming & 
Righter, 194-8).
Wright (I.e.), found that the viscose bags caused 
a considerable loss in the needles of white spruce (Plcea 
alba), but had little or no effect on cone or seed setting. 
Similarly, Orr-Ewing (1954-) noticed that there was a danger 
of overheating inside the viscose bags causing some mortality
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of the young female cones of Douglas fir (Pseudotsuga 
taxifolia).
Nienstaedt & Kriehel (1955; isolated the young 
female cones of the Eastern Hemlock (Tsuga canadensis) in 
hags made of different types of material, and pollinated 
them with a mixture of pollen collected from different trees 
of the same species, in order to test the effect on seed 
yields. They found that the female cones enclosed in white 
cloth "bags gave the highest seed yields per cone. Parchment 
paper bags ranked next, followed by kraft bags. Both 
sausage casing bags and black cloth bags gave fairly good 
results on the north side of the tree, but poor results on 
the south side. All the types of bags were satisfactory 
pollen barriers.
In the present investigation, three kinds of bags 
were tested in isolating the young female cones:
(a) - Glassine bags (9" x 8" and 6" x 4.5")
(b) - Polythene bags (9" x 7")
(c) - Terylene bags (15" x 9" and 12" x 9")*
The glassine bags were found to be the most 
satisfactory. They are cheap, light and fairly transparent, 
and can withstand the variable weather in autumn (for Cedrus 
atlantica), and in spring and early summer (for Chamaecyparis 
lawsoniana, Tsuga canadensis and Pinus silvestris). They
/4
allow water vapour and air to pass through them, and also 
effectively screen the female cones from any pollen 
c ontaminati on.
Polythene hags, used for Cedrus atlantica in 
autumn I960, proved unsatisfactory. There was a considerable 
amount of water vapour condensation inside them, and they 
were soon replaced by glassine bags.
Terylene bags, which were kindly lent by the 
authorities in Alice Holt Forestry Commission Research 
Station, were used for Chamaecyparis lawsoniana in 1962.
These bags are made of non-woven Terylene, and each is 
provided with a small polyvinyl chloride window (6" x 3") 
which enables one to watch the progress of the female cones 
inside. Although the strength and weather resistance of 
these bags are very high, they are expensive, heavy in weight 
and seem to allow a considerable build-up of heat and 
moisture inside them. Some leaves and young branches of 
Chamaecyparis lawsoniana enclosed in these bags turned dark 
broTO in colour and dried up.
3. Isolation and Pollination Stages. -
(i) - Pinus silvestris.
It is necessary to find some way of classifying 
the stages in development of the female cones. Various
JS
authors have attempted this on Pinus silvestris, and 
it is, therefore, convenient to use this as a starting 
point.
Here, the female cones develop during a period 
of three to four weeks from a very small hud to a young 
cone ready for pollination. Cumming & Righter (194-8) 
arbitrarily recognized five stages in the development of 
the female cones in this species, while Ehrenberg & Simak 
(1956) classified them into seven stages, as seen in 
Table (1).
Stages 1, 2 and 3 of Cumming & Righter (and 
the corresponding stages of Ehrenberg &, Simak) are 
determined by the size or condition of the bud. Stages 4* 
and 5 are determined by the position of the cone scales 
relative to the axis of the young cone. In addition to 
these five stages in the female cone development, Cumming 
and Righter (I.e.) recognized two more stages, stage (6), 
flowers closed, and stage (7), cones enlarging.
Isolation of the female cones of Pinus at the 
first and sometimes at the second stages, was recommended 
by Dengler (1932) who conducted breeding experiments 
with P. Eanksiana, P. mont ana and P. silvestris; and 
by Cumming and Righter (I.e. ) with P. Ponderosa and
Table 1. Pinus silvestris. Stages in development of 
female cones.
Cumming & Righter (194-8) Ehrenberg & Simak (1957)
(1) - Buds small
(2) - Buds large
(5) - Buds opening
(0) - Female "flower" buds
hardly discernible
(1) - Female flower buds
clearly discernible
(2a) - Female flower buds emerging 
above the vegetative bud 
but still narrow and with 
pointed tip.
(2b) - Female flower buds clearly 
visible above the 
vegetative bud, swollen, 
obtuse, the bud scales 
still closed.
(3a) - The scales of the female 
flower buds just opened, 
the red or green conelet 
perceivable at the top.
(3b) - The top of conelet
appearing above the bud 
scales.
(4-) - Flowers partly 
open
(5) - Flov/ers maximum (4-) - The conelets fully developed
with cone scales extending 
at right angles to the 
axis.
The term "flower" was used by the authors in its broad 
meaning as a reproduction organ.
/y
p. jeffreyi.
Snov/, Dorman & Schopmeyer (194-3), however, 
considered it safe in Northern Florida to bag the female 
cones of Pinus caribaea up to, and including, the third 
stage.
In Sweden, Ehrenberg & Simak (1956) isolated 
the female cones of Pinus silvestris at different stages 
of development, beginning from stage (0) and continuing 
to stage (4-). They concluded from the results of their 
experiments that isolation of female cones should take 
place as early as in stages (1) to (2a) to be absolutely 
safe. They also claimed that in moist weather, the 
isolation of female cones could be performed as late as 
stages (2b) and (3a) without any great risk of foreign 
contamination. According to these authors, "when moist 
and rainy weather is prevalent during the flowering 
period, pollen distribution in nature is highly impeded, 
and also the pollen has difficulties to remain on the 
buds and to reach the pollen chambers".
Ehrenberg & Simak (1956), working on Pinus 
silvestris, considered the length of the receptive 
period of the young female cones to be very variable.
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depending mostly on the weather conditions prevalent 
at the "flowering" period; from 3 - 4  days in hot 
weather up to several days or even weeks in cold weather. 
They obtained the best results, as regards cone and seed 
setting, by pollination at this stage. Pollinations at 
earlier stages gave seed of good quality, but the cone 
and seed setting was low.
Cumming and Righter (194-8) considered the 
receptive period to vary from five to seven days for 
both bagged and unbagged female cones. Wright (1953) 
made pollinations in Pinus "from complete visibility 
of the strobili until one or two days before complete 
scale closing, a period of four or five days per tree".
Dengler (194-0) considered the receptive period 
to vary from nine to eleven days, and von Wettstein (194-0) 
from six to seven days. The former author has pointed 
out, however, that the female cones used in his 
experiments were probably receptive one or two days 
earlier than the first pollinations took place.
In the present investigation, isolation of 
female cones of Pinus silvestris was made when the 
female cone buds were very small but not emerging above
if
the vegetative bud, and controlled pollinations were 
made when the young cones were fully receptive, with 
the cone-scales extending at right angles to the axis.
In I960, the receptive stage lasted 4 - 7  days.
(ii) - Cedrus atlantica.
Four stages can be recognized in the develop­
ment of the female cones of Cedrus atlantica from a 
small bud up to a well developed cone. In the first 
stage, the female cone is in the form of a small bud, 
more or less globular in shape and surrounded by a 
tuft of foliage leaves. In the second stage, which 
lasts about two weeks, the female cone becomes elong­
ated in shape and the cone-scales are slightly separ­
ated. In the third stage, which lasts about eight to 
ten days, the female cone is elongated in shape and the 
cone-scales are widely separated. In the fourth stage, 
the female cone enlarges slightly in size and the 
ovuliferous-scales are tightly closed.
Isolation of female cones could safely be 
made at the second stage. Although the cone-scales are 
slightly separated at this stage, no pollen was being
siied in any tree in the vicinity. Controlled pollinations 
were made at the third stage when the female cones are at 
their most receptive stage. The bagged unpollinated 
cones remained receptive for 14 - 17 days.
(iii) - Tsuga canadensis.
Nienstaedt & ICriebel (1955) recognized four 
stages in the development of the female cones of the Eastern 
Hemlock (Tsuga canadensis). In the first "flowering" stage, 
which lasts 7 days, the young female cones are still 
surrounded by the bud scales near the base with only the 
edge of the lov/er bud scales beginning to turn back. In 
the second stage, which lasts only two days, the young 
female cones are free of the bud scales over their entire 
length, and the cone-scales, except at the tip of the cones, 
are bent back. In the third stage, which lasts 4 - 6  days, 
the cone-scales are all turned back, the elongating stalk 
of the female cones can be seen between the bud scales, and 
the first young female cones are turning into a drooping 
position. In the fourth stage, the young cones have all 
turned into a drooping position and the cone-scales have 
closed up to a greater or lesser degree.
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Isolation of the female cones in the present 
investigation was made at the first stage, as recommended 
by Kienstaedt & Kriehel (I.e.)# Controlled pollinations 
were made at the third stage, which represents the optimum 
receptive stage. It was noticed, however, that the cone- 
scales were only slightly separated at this stage, and not 
turned hack as hienstaedt & Kriehel (1955) had described.
In Tsuga canadensis, special care was needed to 
ensure that the young female cones were isolated in the 
right stage of development. Firstly, because it was 
difficult to distinguish the young female cone buds from 
the vegetative buds, and secondly, because the reproductive 
buds all opened rather suddenly and more or less simultaneous­
ly on any one tree.
(iv) - Chamaecyparis lawsoniana.
Four stages can be recognized in the development 
of the female cones in Chamaecyparis lawsoniana. In the 
first stage, the female cones are in the form of very small 
buds, dark bluish green in colour. In the second stage, the 
female cone buds enlarge slightly; the cone-scales are 
thin, standing more or less erect but slightly separated; 
the ovules can hardly be seen. In the third stage, the 
female cones are fully receptive. The cone-scales, which
are arranged in five opposite decussate pairs, flatten out 
and enlarge slightly. The ovules, normally 15 - 20 in 
number, are clearly seen from the top of the cone, each 
secreting the characteristic large shining "pollination drop" 
from their micropylar necks. In the fourth stage, which 
lasts about two to three weeks, the cone-scales become thick 
and fleshy, but most of the micropylar necks, now flattened, 
are still projecting. Microscopic examination, however, 
shows these necks to be completely closed with a special 
collar of large lignified "closing cells". In the fifth 
stage, the female cones undergo a rapid enlargement in size, 
and become darker in colour. The micropylar necks can no 
longer be seen.
Isolation of the female cones was made at the 
second stage, which normally lasts from two to three weeks. 
Controlled pollinations were made at the third stage which 
normally lasts two to three days.
4. Controlled Pollinations.
The method generally used in forestry consists in 
puncturing the pollination bag with a medicine dropper, the 
needle of a hypodermic syringe or similar instruments, and 
blowing the pollen onto the isolated female cones with a 
rubber bulb or with a special blower. It is known as the
"blovd-ng method".
Medicine droppers were used by Larsen (1934), 
Schreiner (1938), Johnson & Bradley (1946), Orr-Ewing (1954) 
and Wright (1953). Larsen (I.e.) called his medicine 
droppers "glass points", and kept them, each containing one 
type of pollen, in glass tubes closed with cotton-wool 
stoppers. He used them only once, after which they v/ere 
discarded, so as to prevent any chance of faulty sterilization. 
Johnson & Bradley (I.e.) called their pollinator the "pollen 
gun".
Hypodermic syringes were used as pollinators in 
the Southeastern Forest Experiment Station, U.S.A. (Gumming 
& Fighter, 1948; Mergen et al., 1955)» and in the Statens 
Skogsforskningsinstitut in Sweden (Ehrenberg & Simak, 1958).
The blowing method was used in the present invest­
igation. The pollinator consisted of a sterilized 2 ml. 
hypodermic syringe fitted vrnth a rubber bulb in place of the 
plunger. A cotton plug was put at the end of the tube to 
prevent the contamination of the rubber bulb with pollen.
The hypodermic needle was protected with a cork.
When the female cones were in the right stage of 
development, the outer bag was removed, and the pollen was 
introduced by the aid of the hypodermic syringe. The tip 
of the needle was pushed through the wall of the inner bag
J
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from a point that allowed one to direct the needle at the 
cones, and a cloud of pollen was blown onto the cones. After 
withdrawing the needle, the resulting hole was sealed with 
sellotape. The bag was then shaken carefully to distribute 
the pollen thoroughly around the female cones. Enough pollen 
was introduced into the bag to cover the cone scales 
adequately, but not heavily. Too much pollen dries the 
liquid at the micropylar canals and hinders pollen germ­
ination (Mergen et al., 1955)* The outer bag was then 
replaced, and the pollen parent and the date of pollination 
were recorded on the metal label attached to the branch.
In Tsuga canadensis, and to a lesser degree in 
Gedrus atIantica and Pinus siIvestris, all the female cones 
on a particular tree developed simultaneously, and hence all 
the cones enclosed in the bags were receptive and ready for 
pollination. On the other hand, in Ghamaecyparis lawsoniana, 
it was not always possible to include in one bag female 
cones at the same stage of development. It was, therefore, 
necessary to shake such bags at intervals to pollinate 
cones which were not at first receptive. In windy weather, 
however, this process seemed to take place automatically.
Following the advice of Gumming & Fighter (1948), 
pollination was done under weather conditions varying from 
cloudy to sunny, and from calm to windy but never during rain.
Removal of Pollination Bags.
Larsen (1934), working on Larix, removed the 
pollination hags "when the female flowers are closed up and 
are enlarging into recognizable cones". Similarly,
Schreiner (1938), working on Pinus, left the bags in position 
"until the flowers are past blossom". Both authors did not 
give any definite times.
Gumming & Fighter (1948) recommend the removal of 
bags in Pinus ponderosa and P. jeffreyi after the female 
cones have reached the seventh stage. They found that on 
fast-growing trees, bags should be removed as soon as possible 
after the conelets begin to enlarge; otherwise the leader 
will curl up inside the bag. This may injure both the 
female cones and the bag. On slow-growing trees, however, 
the bags are removed at some convenient time, usually from 
ten days to three weeks after the last pollination has been 
made on an individual tree. They even suggest that, in 
the latter case, pollination bags can be left on the trees 
without causing any injuries to the cones or bags, until the 
cones are ready to be collected. These authors were using 
pollination bags made of finely woven cloth.
Wright (1953) generally removed bags in Pinus 
strobus and P. densiflora, as soon as the pollination period 
ends, within two or three weeks. In certain cases, however.
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he found that continuous bagging gave seed yields much 
greater than either those cases in which the bags were 
removed or those in which the female cones were not bagged.
Ehrenberg &, Simak (1958) removed the pollination 
bags on Unus si Ives tris either 10 - 14 days after pollination, 
or when the pedicels of the female cones had bent. They 
state that the bags did not seem to cause any damage to the 
buds or young female cones, even if left on the twigs for 
three weeks or more.
In Douglas fir (Pseudotsuga), Allen (1942) removed 
the pollination bags about three weeks after pollination had 
ended. Orr-Ewing (195^ - and 1958), working on the same plant, 
removed the bags "as soon as there was no danger of foreign 
pollination". He considered it safe to remove the bags when 
the cone-scales had sealed and the cones had begun to invert.
hienstaedt & Kriebel (1955) left the bags on the 
female cones of Tsuga canadensis for 20, 57 and $4 days 
respectively, after pollination, and found no ill effects 
on cone or seed setting.
In the present investigation, the pollination bags 
on Pinus siIvestris were removed when the cone-scales were 
tightly closed and the pedicels had bent (three weeks after 
the last pollination had been made). Similarly, in the 
three other species. Cedrus atlantica, Tsuga canadensis and
Chamaecyparis lawsoniana, it was found that the bags could 
be safely removed three weeks after pollination. However, 
in the cold spring of 1962, it was found necessary to leave 
the bags for four weeks on the pollinated female cones of 
Chamaecyparis lawsoniana owing to the marked differences 
in development among the cones enclosed in each bag and slow 
development of the cones as a whole. In this species, although 
cytological evidence suggested that the micropylar canals 
were closed after 7 - 1 0  days of pollination, it was considered 
safer to wait until the micropylar necks were covered 
completely by the thickening of the cone-scales.
The bags were removed by cutting them Just above 
the tie with a pair of scissors, leaving a collar of cotton 
wool and string plainly visible for some distance to help in 
relocating the metal labels. As birds removed these cotton 
remains for making their nests, they had to be replaced by 
small bands of polythene which served the same purpose.
Some workers (Gumming & Fighter, 1948; Orr-Bwing,
1956) recommend the protection of the controlled pollinated 
female cones against the attacks of insects and squirrels, by 
enclosing them in cloth or kraft bags, after the pollination 
bags had been removed. Fortunately, there was no need for 
such protection in all the trees included in the present 
investigation.
CONTROLLED POLLINATION EXPEHIIViENTS.
Method.
In Ce drus atlantica, Tsuga canadensis, Pinus 
siIvestris and Chamaecyparis lawsoniana, female cones were 
treated in four different ways:
1 - Self-pollinated.
2 - Allowed to effect open-po1lination.
3 - Bagged hut not pollinated.
4 - Cross-pollinated with pollen from one or more trees
of the same species, and in Cedrus atlantica also 
with pollen from C. lihani and C. deodara.
The number of pollinations made on each tree was 
governed by the number of female cone buds found at access­
ible levels, and the quantity and quality of pollen available 
at the time of pollination.
In the experiments made in 1960/1961, the following 
trees were used as female parents:
^9
one tree of Cedrus atlantica, Cd 1. 
one tree of Tsuga canadensis, T 100. 
one tree of Pinus siIvestris, P 1$2. 
five trees of Chamaecyparis 1 awsoniana, Ch 52, Ch 53, Oh 55,
Oh 57 and Ch 59.
In the experiments made in 1961/1962, the same 
trees were used with the addition of seven trees of 
Chamaecyparis lawsoniana, Ch 54-, Ch 56, Ch 61, Ch 62, Ch 72, 
Ch 81 and Ch 82, and one tree of Tsuga canadensis, T 101.
The results of the pollination experiments were 
recorded in three v/ays:
(1) - Cone setting, or the percentage of female cones
that reach maturity.
(2) - Seed setting, or the total number of seeds per cone. 
(5) - Embryo formation or the percentage of full seeds
per cone.
The percentage of both full and empty seeds was 
determined by the "cutting test" (Isaac, 194-9) » which 
consists of cutting the seed transversely with a razor blade
or sharp knife, and counting the seeds that are "full" or
"sound" and "empty" or "not sound". According to Isaac, 
this gives an immediate measure of seed viability.
In crosses involving a small number of cones, all 
the seeds were tested, while in those involving large numbers.
a random sample of 25 cones was used.
Cytological investigations were undertaken in an 
attempt to describe and explain the sequence of events which 
lead to the failure of seed production following incompatible 
pollinations. For this purpose, a number of female cones 
which had been self-, open-, or cross-pollinated were 
removed at different stages of development. The ovules were 
quickly dissected out of the cones, fixed in formalin-aceto- 
alcohol (FAA) or Navashin, and embedded in a mixture of 
paraffin wax and beeswax in the ratio 5:1. Sections were 
cut at 10 - 16 in thickness, according to the stage of 
development of the ovules. Several staining techniques were 
used; Feulgen-Aniline Blue, and Stockwell*s triple stain 
Crystal Violet-Safranin-Orange G gave the best results.
Male cones at different stages of development were 
fixed in 5:1 alcohol-acetic, embedded, sectioned and stained 
with Feulgen. Pollen grains were mounted whole according to 
the methyl green-glycerin jelly method of Wodehouse (1935), 
or embedded in paraffin wax, sectioned at 3 - 5 and stained 
with Feulgen.
(A) - Cedrus atlantica Manetti.
In Cedrus atlantica, the male cone buds can be 
seen as early as the second week in June. Meiosis takes
SI
place during the last two weeks in July, by the end of which 
pollen grains are formed. Pollen shedding, hcwœver, does 
not begin until the end of September, and lasts for an 
average of twenty four days in all Cedrus trees (Pigs. 1 & 2). 
During that period, the ground underneath each tree becomes 
yellow with pollen. The code numbers and localities of the 
different trees are listed in Table (2).
Pig. (1) shows the periods of pollen shedding in 
the trees of Cedrus, as well as the receptive period of the 
young female cones on trees Cd 1, Cd 2 and Cd 3 iu autumn, 
I960. In one tree (Cd 1), pollen shedding ended about five 
days before the female cones became receptive (complete 
dichogamy), while there was an overlap of six days on tree 
Cd 2, and eight days on tree Cd 3»
In 1961, pollen shedding occurred between September 
17 and October 10 and the receptive period of the female 
cones on Cd 1 lasted ten days, from October 5 to 14 (Pig. 2). 
There was, therefore, a period of about six days during which 
self-pollination could take place. Trees Cd 2 and Cd 3 did 
not bear any female cones during this season.
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Table 2. Cedrus. The code numbers and localities of
the different trees.
Species Tree No. Locality
c. atlantica Cd 1 E. H. C.
c. atlantica Cd 5 E. H. C.
c. atlantica Cd 9 E. H. C.
c. atlantica Cd 10 Knap Hill
c. atlantica Cd 11 Knap Hill
c. atlantica Cd 12 Knap Hill
c. libani Cd 2 E. H. C.
c. libani Cd 8 E. H. C.
c. deodara Cd 5 E. H. C.
c. deodara Cd 4 E. H. C.
c. deodara Cd 6 E. H. C.
c. deodara Cd 7 E. H. C.
3 3
S E P T
? 9 'P V
O c T
? «P ^
N O V
? »P 'P 3P
Cd I □ H  J 1 i I 1 !■□
Cd 2 n 1111 m
Cd 3
Cd 4
Cd 5
Cd 6
Cd 7
Cd 8
_Pig. 1. Gedrus. The duration of pollen shedding and 
the receptive period of the female cones,
autumn, I960. 
mÊÊm pollen shedding 
rrrm receptive period.
J4
S E P  
5 lO  IS  2 0  25
i ‘ ■_________ i n ___
ID  15 2 0  25
. 11. 1111 »—  I____I—
N O V  
5 iO  15 2 0  25
i l l  â II «Il
Cd I
Cd 2
Cd 4
Cd 5
Cd 6
Cd 8
Cd 9
Cd IO
Cd I I
Cd 12
Pig. 2. Cedrus. The duration of pollen shedding and 
the receptive period of the female cones, 
autumn, 1961. 
w m m  pollen shedding 
crn-j I receptive period.
35"
Pollen grains of Cedrus are definitely winged 
(Pigs. 3 and 4), contrary to the observations of Dallimore 
& Jackson (1933) and Goebel (1933). These wings or air- 
bladders are proportionally much smaller than those in the 
væll known pollen grains of Pinus. Although pollen grains 
of Cedrus are rather uniform in size, those of C» atlantica 
are slightly smaller than those of the other two species 
(Pig. 3)* Their colour also differs. It is pale yellow in 
C. atlantica, and dark yellow in both C. libani and 
C. deodara. More information is needed, however, to 
determine whether this difference in colour could be used 
as a specific character.
When the pollen grains are stirred in water, it 
is found that those of both C. deodara and C. libani will 
float and rise quickly to the surface, while those of 
C. atlantica show considerable variations. Some float, some 
sink and some remain suspended for a considerable length 
of time. The wings are more poorly developed in the grains 
which sink. These observations agree with those of Doyle &
0*Leary (1933c) on pollen of C. deodara and C. atlantica.
The mature pollen grain of Cedrus consists of two 
much flattened prothallial cells, and body,, stalk, and tube 
cells. The development of the microspore and the early 
stages of the male gametophyte follow closely those described
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for Id.nus in standard texts (Ferguson, 1904; Coulter & 
Chamberlain, 1910),. except that in the pollen grain of 
Cedrus, there is one more division than there is in U n u s . 
Either before or after shedding, the generative cell divides 
to form the stalk cell and the body cell and it seems likely 
that germination does not take place until this happens. The 
division talces place at right angles to the polar axis of 
the grain. Fig. (4) shows a germinated pollen grain, with 
the two evanescent prothallial cells, stalk cell, body cell 
and tube nucleus.
The young female cones are borne terminally on 
dwarf shoots which stand more or less vertically at right 
angles to the main branches. The ovuliferous scales 
separate to receive the pollen during the receptive period 
which lasts 8 - 1 0  days (Fig. 5).
Pollination in C. atlantica takes place in October. 
The pollen grains adhere to the inner surface of the micro- 
pyle which is stigmatic in function (Fig. 6). The nucellus 
is very small in size at the time of pollination, and no 
pollen grains were found attached to it in either dissected 
ovules, or sections of the female cones. This confirms the 
observations of Saxton (1930) and Doyle & O’Leary (1933c). 
Betv/een October and the end of April or May, the ovules 
undergo a very slight increase in size. Then the nucellus 
increases rapidly in size (Fig. 7), and about the middle of 
June, its tip comes into contact with the pollen which is
still adhering to the inner surface of the micropyle. 
Inunediately, the pollen grains touching or nearest the 
tip of nucellus begin to germinate and send out pollen tubes 
which pierce their way through the nucellar tissue and reach 
the archegonia (Fig. 8). This is followed by syngamy and 
the formation of pro-embryos (Fig. 9)*
Pollination Experiments.
(1) - 1960/1961.
In Conifers, there are years in which female cone 
production is abundant, and others in which it is scarce.
These are commonly referred to as "good cone years" and 
"bad cone years", and normally follow a certain rhythm 
(cf. Heikinheimo, 1948).
The year 1960/1961 was a poor "cone year" for 
Cedrus trees growing in the College grounds. Female cones
were available for experiments only on trees Cd 1 (142 cones),
Cd 2 (63 cones), and Cd 3 (22 cones). All the female cones 
on trees Cd 2 and Cd 3 withered and dried up, two to five
weeks after controlled pollinations had been made on them.
Some of these cones were dissected and examined, but no 
reason for this behaviour was discovered. All the work on 
Cedrus had to be done using only one tree as a female parent. 
Table (3) lists the controlled pollinations carried out in
ss
I96O/196I on C. atlantica.
Table 5- Cedrus atlantica, Cd 1. Cone and seed setting,
1960/1961.
Treatment Ko. of 
young
Mature female 
cones
Mean No. 
of seeds
Full
per
seeds
cone
female
cones No. p.c.
per cone
m.n. p.c.
Cd 1 self-poll. 10 0 0 0 0 0
Cd 1 open-poll. 58 55 60.5 198.2 5.8 2.8
Cd 1 unpoll. 15 0 0 0 0 0
Cd 1 X Cd 5 16 4 25.0 200.5 14.2 6.9
Cd 1 X Cd 6 9 6 66.7 199.5 12.3 6.1
Cd 1 X Cd 7 2 2 100.0 201.0 15.7 6.7
Cd 1 X Cd 8 9 5 55.6 201.6 15.8 6.8
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I. Self-pollinated cones.
All ten self-pollinated cones failed to develop 
and fell off the tree by the end of May, 1961; seven during 
January, February and March, and the remaining three during 
April and May when they had reached a mean length of 15*5 mm.
II. Open-pollinated cones.
Fifty eight cones were labelled but not bagged. 
Twenty three cones dried up at various stages of development, 
and the remaining thirty five have reached maturity. These 
cones contained a much lower number of full seeds than the 
cross-pollinated ones (Table 3). More than fifty per cent 
of the empty seeds, however, were of nearly the same size 
as the full seeds, and differed from them only in the absence 
of embryos and in their shrivelled contents.
III. Unpollinated cones.
Thirteen cones were bagged and left without 
pollination; all of them failed to develop and fell off 
the tree during the three months following the pollination 
period.
IV. Cross-pollinated cones.
(a) - Intraspecific crosses.
Sixteen cones were pollinated with pollen of Cd 5 
(the only pollen of the same species available at the time of
1^0
experiment). Four of these cones have reached maturity; 
the other twelve dried up, four in January and February, 
and eight in March and April. The mean number of full 
seeds per cone was 14.2, equivalent to 6.9%> so that the 
number of viable seeds was very low.
(b) - Interspecific crosses.
Nine cones were crossed with pollen of C. libani 
(Cd 8), and eleven with pollen of C. deodara (nine with Cd 6 
pollen and tv/o with Cd 7 pollen). Of these, thirteen cones 
have reached maturity. The percentage of full seeds per 
cone is very similar to that in the intraspecific cross 
(see Table 3).
(2) - 1961/1962.
For Cedrus atlantica (Cd 1), the year 1961/1962 
was a good "cone year". Four hundred and eighty female 
cones were found at accessible levels and used in the 
experiments, the results of which are presented in Table (4).
I. Self-pollinated cones.
Fifty cones were self-pollinated; none of them 
survived more than three months.
HTable 4. Cedrus atlantica, Cd 1. Cone and seed setting,
1951/1962.
Tre atment No. of 
young 
female 
cones
Mature female 
cones
Mean No. 
of seeds 
per cone
Full
per
seeds
cone
No. p.c. m.n. p. c.
Cd 1 self-poll. 50 0 0 0 0 0
Cd 1 open-poll. 50 21 42.0 202.1 8.3 4.1
Cd 1 unpoll. 50 0 0 0 0 0
Cd 1 X Cd 5 40 14 35.0 203.0 19.9 9.8
Cd 1 X Cd 9 40 21 52.5 204.0 31.6 15.4
Cd 1 X Cd 10 40 26 65.0 203.3 29.8 14.6
Cd 1 X Cd 11 40 24 60.0 203.0 40.9 20.2
Cd 1 X Cd 12 40 13 32.5 201.5 19.4 9.6
Cd 1 X Cd 6 40 19 47.5 202.4 25.7 12.7
Cd 1 X Cd 8 40 23 57.5 204.1 30.4 14.9
Cd 1 X old pollen 25 4 16.0 203.8 6.0 2.8
Cd 1 + pollen
extract 25 0 0 0 0 0
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II. Open-pollinated cones.
Fifty cones were labelled but not bagged. Of 
these, twenty one cones developed normally and reached 
maturity. All mature cones contained both full and empty 
seeds. The number of full seeds in these cones ranged from 
one (equivalent to 0.5%) to fifteen (equivalent to 7*6%) 
per cone.
III. Unpollinated cones.
Fifty cones were bagged but not pollinated. Their 
cone-scales remained open for about three weeks, after which 
they closed in a normal way. V/ithin a period of three months, 
all these unpollinated cones dried up and fell off the tree.
An attempt was made to induce parthenocony in 
twenty five receptive but unpollinated females cones by 
spraying them with a water-soluble extract of Cd 12 pollen.
The extract was prepared by soaking 0.5 gm of pollen in 
50 c.c. distilled water for four hours, shaking it for one 
hour, and then filtering the water-soluble extract. All 
the cones treated in this way fell off the tree at the same 
time as the unpollinated ones.
IV. Cross-pollinated cones.
(a) - Intraspecific crosses.
Five different trees of C. atlantica were used as
pollen parents (Cd 5, Cd 9, Cd 10, Cd 11 and Cd 12). Each 
type of pollen was used to pollinate 40 female cones. The 
results are shovm in Table (4). In the crosses Cd 1 x Cd 9, 
Cd 1 X Cd 10 and Cd 1 x Cd 11, more than 50% of the cones 
have reached maturity, and the percentage of full seeds per 
cone was relatively high, ranging from 14.6 to 20.2. The 
largest number of full seeds was found in the cross Cd 1 x 
Cd 11, where one cone contained ?2 full seeds, equivalent to 
33*6%.
Twenty five cones were crossed with Cd 3 pollen 
which had been stored for one year at 0° C and 33% R.H.
Four of these cones have reached maturity, and contained a 
rather low number of viable seeds (6.0 seeds per cone, 
equivalent to 2.8%).
(b) - Interspecific crosses.
Two pollen parents were used in these crosses,
Cd 6 (C. deodara) and Cd 8 (C* libani). Forty female cones 
from Cd 1 were crossed v/ith each type of pollen. Both types 
of interspecific crosses were successful and gave results 
comparable to those of the intraspecific crosses (Table 4).
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(a) (b) (,c)
Fig. 3. Pollen grains of (a) C. atlantica, (b) Ç.— li.bam 
and (c) C. deodara. Methyl green-glycerin jelly 
preparations. (X 90).
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Fig. 4. Cedrus atlantica, Cd 1. V/inged pollen grain 
germinated in vitro, shovdng the evanescent 
prothallial cells, stalk cell, body cell and 
tube nucleus.
Fixed Mavashin, stained Feulgen. (X 650).
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Pig, 5» Oedrus atlantica. A young receptive 
female cone. (X 7)-
-^7
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Pig. 6. Ce drus atlantica y Cd 1 open-pollinated, 
collected on 9*11*1960, showing one 
ovule in L.S. with pollen grains 
adhering to a micropylar flap. (X 300)
Pig. 7* Oedrus atlantica, Cd 1 x Cd collected on 
28.4.1961, showing one ovule in L.S. with an 
ungerminated pollen grain adhering to the 
inner wall of the micropyle, a relatively 
large nucellus and a female gametophyte in 
the free-nuclear stage. (X 300).
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Pig. 8. Cedrus atlantica, Cd 1 x Cd 11; collected on 
27*7* 1962, showing two ovules in L.S. (a) with 
tip of pollen-tuhe entering archegonium; (h) 
with the male cells very near the egg-cell.
(X 300).
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Fig. 9* Cedrus atlantica, Cd 1 x Cd 11, collected 
on 27*7*1962; showing an ovule in L.S. 
with developing pro-embryos. (X 300).
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(B) - Tsuga canadensis Carrière.
In Tsuga canadensis, male cone-buds can be 
recognized in February. Before this they are not distinguish­
able from the vegetative buds. They occur in large numbers 
on the lower side of the small branches. In 1962, meiosis 
occurred during the third week in March, and pollen shedding 
took place in May. Fig. (10) shows the duration of pollen 
shedding in all the trees, as well as that of female cone 
receptivity in T 100 and T 101. In these two trees^ there 
was at least three days during which self-pollination could 
take place.
The mature pollen grains have no air-bladders.
They are rather uniform in size, 60 - 80 u in diameter. They 
are almost spherical when fully swollen. The exine is 
reticulate-corrugated, and is thicker at the dorsal side.
This results in the grain becoming bowl-shaped when dry; the 
ventral side becomes concave, wliile the dorsal remains 
convex. The exine is not cast off when the grain is moistened.
The pollen grain of Tsuga canadensis» like that of 
Cedrus, consists of two evanescent prothallial cells, body, 
stalk and tube cells. The body cell nucleus is always 
smaller than both the stalk cell nucleus and the tube nucleus, 
but is more deeply staining (Fig. 11).
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Fig. 10. Tsuga canadensis. The duration of pollen 
shedding and the receptive period of the 
female cones, spring, 1962.
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The young female cones are borne terminally on 
rather lax branches, and thus lie more or less horizontal 
or droop at no particular angle. The ovuliferous scales 
separate only slightly to receive the pollen during the 
receptive stage which lasts six to seven days (Fig. 12).
The pollen grains settle on both the upper and 
lower surfaces of the ovuliferous scales, but mainly on the 
lower surface of the bract scales (Fig. 13). This was 
especially noticeable in artificially pollinated cones.
In the cross T 101 x T 100, the number of pollen grains 
was counted in two cones and found to vary from 75 to 167 
on the bract scale, 26 to 4-9 on the upper side of the 
ovuliferous scale, and only 4- to 10 on its lower side. In 
very few cases, one or two pollen grains v/ere found in the 
vicinity of the micropyle. It is not known, in Tsuga 
canadensis, whether there is any mucilaginous secretion on 
the ovuliferous or bract scales. The wingless pollen grains 
themselves are somewhat sticky, and adhere strong]y even to 
such smooth surfaces as glass slides and cover-slips. This 
may explain why they adhere to cone-scales.
Approximately one week after pollination, the cone 
scales are closed firmly, and the pedicels of the female 
cones elongate and bend at an angle which varies according 
to the original position of the young cones. All pollinated
Hand impollinated cones, now 'become slightly larger in size,
I
hang directly downwards as if responding to a strongly 
positive geotropic stimulus.
Within a certain radius of influence of the ovules, 
the pollen grains germinate where they happen to lie on the 
ovuliferous or bract scales (Fig. 13). This takes place six 
to eight weeks after pollination. The pollen tubes, of 
course, are of varying lengths depending upon the position 
of the grains on the scales. All pollen tubes, long or short, 
grow towards the cone-axis. They are presumably attracted 
to the micropyle8 of the ovules by some stimulus, since none 
was seen grov/ing in any other direction. These tubes are 
very thin and remind one of fungal hyphae.
Pollination Experiments.
(1) - 1961.
The year 1961 was a bad "cone year" for Tsuga 
canadensis in this locality. Young female cones were found 
only on a single tree (T 100), male cones were found on the 
same tree, together with another one (T 101). Both trees 
bore a large number of mature female cones indicating that 
I960 had been a good "cone year". On the accessible branches 
of the other five trees, neither female nor male cones were 
found. For this reason, pollination experiments in spring.
Table Tsuga canadensis, T 100. Cone and seed setting,
1961.
Treatment Fo. of Mature female Mean no. Full seeds
young cones_____ of seeds per cone
per cone 
p.c. m.n. p.c.
female 
cones No.
T 100 self-poll. 42 42 100 16.9 0 0
T 100 open-poll. 70 70 100 16.6 0 0
T 100 unpoll. 38 38 100 16.7 0 0
T 100 X T 101 14 14 100 16.5 3*9 23*8
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1961, were confined to a single isolated tree, T 100. which 
is situated at a distance of about 200 yards from a group 
of six trees of the same species (T 101, T 102, T 103, T 104, 
T 10$ and T 106).
The following pollination experiments were made 
on tree T 100:
I. Fifty one cones were self-pollinated; nine of them 
were removed at different stages of development, and 
fixed.
II. One hundred cones were labelled but not bagged, and 
were allowed to affect open-pollination. Thirty 
cones were fixed at different stages of development.
III. Fifty cones were bagged but not pollinated; twelve 
of them were fixed.
IV. Twenty cones were cross-pollinated with pollen from 
tree T 101; six of them were fixed.
The results of these experiments are shown in 
Table ($). In the four classes, all the cones developed 
at more or less equal rates, and all have reached maturity 
at the same time. There was no abortion in any of them.
The mature cones that were self-pollinated, open-pollinated 
or unpollinated contained only empty seeds. Full seeds were, 
however, produced only in those cones which had been cross­
pollinated. All the seeds, full and empty, were of more or
51-
less the same size.
The only pollen available for open-pollination 
on tree T 100, an isolated tree, is its own pollen. This 
probably explains why the open-pollinated cones, like the 
self-pollinated ones, contained only empty seeds.
(2) - 1962.
In May, 1962, young female cones were found on two 
trees of Tsuga canadensis, T 100 and T 101, both of which 
bore a large number of male cones as well. Male cones were 
also found on three other trees in the College grounds,
T 102, T 104 and T 106. In addition, mature male cones were 
collected from Kew Gardens (T 112), and from Wisley Gardens 
(T 120,, T 121 and T 122). The latter three were only avail­
able for use on tree T 101.
(A) - Tree T 100.
The results of pollination experiments made on the 
isolated tree T 100 in spring, 1962, are presented in 
Table (6). They confirm the results obtained the previous 
year.
All fifty self-pollinated cones developed in an 
apparently normal way, and reached maturity at the same time 
as the cross-pollinated cones, but none of them contained 
any full seeds. No germinated pollen grains were observed
5S
Table 6. Tsuga canadensis, T 100. Gone and seed setting,
1962.
Treatment No. of Mature female Mean no. Full seeds
young cones of seeds per cone
per cone 
p.c. m.n. p.c.
female 
cones No.
T 100 self-poll. 50 50 100 24.7 0 0
T 100 open-poll. 50 50 100 25.0 0 0
T 100 unpoll. 50 50 100 25.2 0 0
T 100 X T 101 50 50 100 25.2 9.2 56.5
T 100 X T 102 50 50 100 25.8 14.1 54.6
T 100 X T 104 50 50 100 25.4 7.9 51.0
T 100 X T 106 50 50 100 25.0 7.8 31.3
T 100 X T 112 50 50 100 25.7 14.5 56.4
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Oïl the cone-scales on any of the cones which were examined 
4 - 1 0  weeks after pollination. The open-pollinated cones, 
like the self-pollinated ones, did not contain any full 
seeds, presumably because of the isolation of the tree from 
any pollen except its own. Similarly,, the unpollinated 
cones developed into mature cones containing only empty 
seeds, a phenomenon referred to as "parthenocony". Cross- 
pollination, on the other hand, resulted in the production 
of mature cones containing full as well as empty seeds.
Here, as expected, germinated pollen grains were found on 
the cone-scales about eight weeks after pollination, two to 
three weeks later than in the previous year’s experiments.
This may be connected with the cold weather which was 
prevailing during May and June, 1962.
In the cross T 100 x T 112 and T 100 x T 102, 
more than $0% of the seeds per cone were full. In the 
former cross, the number of full seeds per cone varied from 
10 to 19, and in the latter, from 8 to 22. On the other 
hand, in the crosses T 100 x T 104 and T 100 x T 106, only 
about 50% of the seeds per cone were full.
(B) - Tree T 101.
The results of pollination experiments made on 
tree T 101 in spring, 1962, are presented in Table (7)- 
They agree very closely with those of the previous experiments
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Table ?• Tsuga canadensis, T 101. Cone and seed setting,
1962.
Treatment Ko. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Full
per
seeds
cone
No. p.c. m.n. p.c.
T 101 self-poil. 50 50 100 29.1 0 0
T 101 open-poll 50 50 100 30.2 9.7 32.2
T 101 unpoll. 50 50 100 28.8 0 0
T 101 X T 100 50 50 100 29.4 16.4 55.9
T 101 X  T 102 50 50 100 30.5 9.4 32.2
T 101 X T 104 50 50 100 30.0 17.9 59.7
T 101 X T 106 50 50 100 29.5 14.4 48.9
T 101 X T 112 50 50 100 30.2 15.1 49.9
T 101 X T 120 50 50 100 29.1 7.0 24.2
T 101 X T 121 50 50 100 29.6 16.5 54.9
T 101 X T 122 50 50 100 29.0 14.2 49.0
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Tree T 101 is characterized by a larger cone size, and a 
larger number of seeds per cone than tree T 100.
All self-pollinated cones, as well as unpollinated 
ones, grew at the same rate, and reached the same mature 
size, as did the open-pollinated and cross-pollinated ones. 
They contained, however, no full seeds. All open-pollinated 
cones contained full as well as empty seeds.. The number of 
full seeds per cone varied from 1 to 23. Unlike tree T 100, 
which is isolated, tree T 101 is situated among a group of 
five other trees of the same species, of which at least three 
trees bore male cones.
All seven types of cross-pollinations made on this 
tree were successful. They resulted in the production of 
mature cones containing full and empty seeds. They can be 
classified into three groups according to the percentage of 
full seeds per cone. The first group, which produces cones 
with less than 25% full seeds, includes one cross only,
T 101 X T 120 (24.2^6). The second group, in which 25 to 50% 
of the seeds per cone are full, includes four crosses:
T 101 X T 102 (52.2%), T 101 X T 106 (48.9%), T 101 x T 122 
(49.0%), and T 101 x T 112 (49#9%). The open-pollinated 
cones (32.2%) could also be included in this group. In the 
third group, more than $0% of the seeds per cone are full.
In includes three crosses : T 101 x T 121 (54*9%), T 101 x
GZ
T 100 (55.9%), and T 101 x T 104 (59.7%).
Examination of the cone scales at more or less 
regular intervals during the ten weeks following pollination, 
has shov/n that pollen grains germinated only in the cross­
pollinated cones on tree T 100, and in both cross-pollinated 
and open-pollinated cones in tree T 101 (Fig. 13a). It was 
noticed, however, that the pollen grains lying at the upper 
edge of the ovuliferous scales did not germinate. On the 
other hand, in self-pollinated cones in both trees T 100 and 
T 101, and open-pollinated cones in I 100 alone, pollen 
grains were seen in abundance on the cone scales, but none 
of them showed any signs of germination, although many of 
them were swollen (Fig. 13b). There were, of course, no 
pollen grains in the female cones protected from pollination.
Serial longitudinal sections of fixed and stained 
material show^ed that the self-pollinated ovules, as well as 
the unpollinated ones, follow the same course of development 
as the cross-pollinated ones until the formation of the 
archegonia with well developed egg cells. The only difference 
observed was the absence of any pollen tubes in the nucellus 
of the self-pollinated ovules (Fig. 14). Breakdown in 
every case was initiated in the archegonial region. This 
was followed by the deterioration of the surrounding cells 
of the female gametophyte leading to the eventual isolation
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and collapse of the nucellus. This accounts for the 
occurrence of empty seeds, large and normal in size with 
hard testas but shrunken contents.
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Fig. 11. Tsuga canadensis. Pollen grain germinated in
vitro, showing the evanescent prothallial cells, 
stalk cell, "body cell and tu"be nucleus.
(Fixed Navashin - stained Feulgen). (X 650).
1Fig. 12. Tsuga canadensis. A receptive female 
cone at the tip of a branch, with a 
group of mature male cones towards the 
base. (Natural size).
(a)
Fig. (13). gPsuga canadensis. (a) T 101 cross-pollinated,
showing germinating pollen grains on upper surface
of ovuliferous scale (right) and lower surface of 
bract scale (left)# (b) T 101 self-pollinated,
showing ungerminated pollen grains on both scales. 
From cones collected on 12.6.1962; semi- 
diagramatic. (X 10).
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Fig. 14-. Tsuga canadensis, ovules in L.S. , collected on
22.6.1962. (a) - T 101 cross-pollinated, showing
presence of pollen tubes in nucellus; (b) - T 101 
self-pollinated, showing absence of pollen tubes 
in nucellus. (X 300).
(G) - Unus si Ives tri s L.
Hnus is so much better known than all the other 
Conifers and most of the phases in its life-history have 
been described in detail by many authors (Ferguson, 1904-; 
Coulter & Chamberlain, I9IO; Sethi, 1928; Hakansson,
1956). It is only necessary, therefore, to discuss some 
of the stages pertinent to this study.
Male cone buds can first be seen at the beginning 
of November, but meiosis does not take place until the 
middle of March. The pollen is shed in April or May 
(Fig. 15).
Young female cones are borne terminally on 
strongly negatively geotropic young branches, characteristic 
of all pines in general. In the bud stage, they cannot be 
differentiated from the vegetative buds until April. They 
quickly reach the receptive stage, and their scales spread 
apart extending at more or less right angles to the axis 
(Fig. 18).
Fig. (15) shows the periods of pollen shedding in 
P. siIvestris, as well as the receptive period of the female 
cones of tree P 152, in spring, 1961. It is evident that 
there is a period of about two days during which self-
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•Pir.n« Sllvesti-is. The duration of pollen shedding 
and the receptive period of the female cones,
spring, 1961.
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IIn -n receptive period.
pollination could take place.
The winged pollen grain of P. silvestris consists 
of two prothallial cells, a generative cell and a large tube 
cell. The prothallial cells are flattened, darkly staining 
structures, lying against the dorsal side of the grain. The 
second cell is invariably smaller than the first.
Doyle & 0*Leary (1935'b) claim that the wings of 
the pollen grains of this species can hardly be an advantage 
in pollen dispersal. Their argument depends on their belief 
that the much larger and wingless grains of other Conifers 
are disseminated just as effectively as those of Pinus. 
However, in the present investigation, pollen traps in the 
form of gelatinized slides, were placed at different 
distances from certain trees of P. silvestris and Tsuga 
canadensis. It was found that the winged pollen grains of 
Pinus were spread to much greater distances than the wing­
less grains of Tsuga (approximately more than 200 metres in 
Unus and less than 50 metres in Tsuga).
At the pollination period, there is a fluid 
secretion in the micropylar canals of the ovules which is 
probably secreted by the nucellus. It fills the micropylar 
canal and stretches as a thin film on the inner surface of 
the arms. The film is then v/ithdrawn with the enclosed 
pollen grains, to the micropylar canal. Owing to the
■buoyancy of the winged pollen grains, they float easily 
and rise quickly to the surface of the fluid. Since the 
ovules are more or less completely inverted, and the micro- 
pylar canals filled with fluid, the grains rise with their 
wings uppermost, and come into contact with the nucellar 
apex. The prothallial cells, which are at the dorsal side 
of the grain, lie away from the nucellus. This process is 
largely facilitated by the markedly erect position of the 
young female cones.
The pollen grains germinate soon after they come 
in contact with the nucellus, sending out pollen tubes which 
pierce their way through the nucellar tissue. At this time, 
the megaspore mother-cell, surrounded by the so-called 
spongy tissue, lies deep in the nucellus. About three months 
after pollination, in .late August, the female gametophyte is 
in the free-nucleate stage and the pollen tubes have 
penetrated almost one half the distance from the apex of the 
nucellus to the developing female gametophyte. The ovules 
remain in this condition throughout the winter months, and 
do not resume growth and development until next March.
In the present investigation, no "callose plugs" 
were found in the pollen tubes during their quiescent period 
in winter although many preparations were examined, contrary 
to the findings of Brink (1924#) who suggests that these
nplugs may form near the tips of pollen tubes, and serve to 
isolate them in a more or less spore-like condition.
Pollination Experiments, 1961/1962.
Pollination experiments were made on a single tree,
P 152, vfhich bore a reasonable number of female cone buds, 
and a large number of one-year old ones. Another tree,
P 154, bore a large number of one-year old female cones, 
but not a single female cone bud. Apparently, I960 was a 
good "cone year", while 1961 was a bad "cone year". Male 
cones were found on these two trees, as v/ell as on four 
others, P I50, P 1$1, P 153 and P 155-
Pollination experiments included self-, open-, 
cross- and unpollinated cones. It was only possible to 
follow the development of these cones for a period of fifteen 
months, that is, from the time of pollination until embryo 
formation. Previous studies on the different species of 
Pinus have, however, shown that the failure in the development 
of the female cones and ovules due to self- or cross-pollin­
ation takes place during the fifteen months following pollin­
ation (.Buchholz, 1944; Wright, 1953; McWilliam, 1959)*
The results are presented in Table (8) and Pigs. 16 and 17-
I. Self-pollinated cones.
The twenty two female cones which were self-
pollinated, had been all isolated at a very early stage of 
development, when the bud scales were still closed (stages 
1 - 2b of Ehrenberg & Simak, 1956; Table 1). In these 
cones, germinated pollen grains were found in the nucellar 
apex, three weeks after pollination (Pig. 20). During the 
three months following pollination, fourteen cones shrivelled 
and were shed. The remaining eight cones survived the long 
winter period. Twelve to thirteen months after pollination, 
in May and June, 1962, normal development of the female 
gametophyte with its archegonia had occurred.
Great variation was found in the gro?.i;h of the 
pollen-tubes. In some ovules, the pollen-tubes seemed to 
have stopped completely, so that when the egg was fully 
developed and was ready for fertilization, the pollen-tubes 
had penetrated only a short distance through the much 
enlarged apex of the nucellus (Pig. 21). Most probably, 
these tubes were inhibited in the nucellar tissue. In the 
other ovules, the pollen-tubes had reached the archegonia 
(Pig. 22), and pro-embryos had been formed (Pig. 23).
The surviving cones contained three types of seeds:
(a) - Small, partially developed seeds which are likely to 
have been formed from ovules in which the pollen- 
tubes did not reach the archegonia, and in v/hich 
fertilization did not occur.
4^4
(b) - Large, normal-sized seeds, which resemble the viable
ones except that they have empty contents. These are 
likely to be due to causes at or after fertilization.
(c) - Pull or viable seeds which contain fully developed
embryos.
The number of full seeds per cone varied from 
six to fourteen.
II. Open-pollinated cones.
Of the forty six open-pollinated cones, fourteen 
failed to develop and were shed during the three months 
following pollination. The surviving cones, like those of 
class I above, contained the same three types of seeds.
The small, partially developed seeds are less numerous than 
in self-pollinated cones. The number of full seeds per cone 
varied from tv;o to twenty three.
III. Unpollinated cones.
Twenty eight cones were bagged and not pollinated. 
They were isolated at the same early bud stages as those of 
the self-pollinated ones. In the absence of pollen, these 
young female cones seemed to remain receptive for tv/o to 
three days longer than the pollinated ones, after v/hich the 
cone-scales closed normally. The pedicels elongated 
considerably, and the cones increased slightly in size and
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assumed the drooping position characteristic of all 
pollinated cones. Within two months, however, all un­
pollinated cones gradually v/ithered and ultimately fell 
off the tree. There is a complete absence of parthenocony 
in this tree.
IV. Cross-pollinated cones.
One hundred and three cones were cross-pollinated, 
and pollen from five different trees was used. This class 
gave the highest cone setting v/hich varied from 76.2% in 
the cross P 1$2 x P 154 to 100% in the cross P 152 x P 151. 
The cones contained only two types of seeds, empty and full 
seeds (types b and c in self-pollinated cones),and there 
v/as a much greater proportion of full seeds. In all the 
crosses more than 50%* of the seeds were full; and in the 
cross P 152 X P 151, full seed setting reached 95*9/^ * In 
this cross, seven cones contained no empty seeds at all.
The results of all the crosses are put together 
in histograms in Pigs. 16 and 17 v/iiich show the big 
difference between self- and cross-pollinations both in 
the mean number and percentage of full seeds per cone.
Table 8. Pinas silvestris, P 152. Cone and seed setting,
1961/1962.
Treatment No. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Pull
per
seeds
cone
Ho. p.c. m.n. p.c.
P 152 self-poll. 22 8 36.3 25.3 9.0 35.5
P 152 open-poll. 46 32 69.6 31.5 12.4 39.4
P 152 unpoll. 28 0 0 0 0 0
P 152 X P 150 21 17 81.0 24.6 13.1 53.4
P 152 X P 151 20 20 100.0 31.4 30.1 95.9
P 152 X P 153 20 18 90.0 25.4 22.1 87.0
P 152 X P 154 21 16 76.2 30.7 16.9 55.1
P 152 X P 155 21 18 85.7 29.9 22.3 74.5
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Fig. 16. BLnus silvestris, P 152. Mean number of 
seeds per cone after self-pollination (S) 
and cross-pollination (C).
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Fig. 17. Pi mis silvestris, P 152. Percentage of full 
seeds per cone after self-pollination (S) and 
cross-pollination (C).
y?
w
Fig. 18. BLnus silvestris. Tvo receptive female 
cones at the tip of an erect branch. 
(Natural size).
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Fig. 19- Knus silvestris, P 152, open-pollinated, 
collected on 7-5-1961, two days after 
pollination, showing one ovule in L.S. 
with ungerminated pollen grain in the 
micropyle. (X 300).
uFig. 20. Pinus silvestris, P 152 self-pollinated;
collected on 27*7*1961, three weeks after 
pollination, showing one ovule in L.S. 
with a germinating pollen grain. The 
pollen tube is piercing its way through 
the nucellus. (X 300).
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Fig. 21. Pinus silvestris, P 152 self-pollinated, 
collected on 21.6.1962, showing a part 
of an ovule in L.S. with two mature egg- 
cells. The pollen tubes have penetrated 
only into the upper part of the nucellus, 
(X 300).
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Fig. 22. BLnus silvestris, P 152 self-pollinated, 
collected on 21.6.1962, showing parts of 
two ovules in L.S. (a) Two male cells in 
the tip of the pollen tube approaching the 
egg-cell, (b) the male cells are very 
near the egg-cell shortly before fertilization. 
(X 300).
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Fig. 23- BLnus silvestris, B 132 self-pollinated, 
collected on 21.6.1962, showing parts of 
two ovules in L.S. (a) formation of pro­
embryo tiers at the base of archegonia,
(b) developing pro-embryos with suspensors. 
(X 300).
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(D) - Chamaecyparis lawsoniana Pari.
lu Chamaecyparis lawsoniana, the male cone buds 
can be recognized in the third week of October, although 
pollination does not take place until April of the following 
spring. Meiosis occurs about the last week of January, and 
pollen grains are formed by the middle of February. Pollen 
shedding generally takes place during the last two weeks of 
April. In one tree (Ch 55)? however, pollen shedding started 
on March 3rd, continued for three days and then, coinciding 
with a cold spell, stopped almost completely until it was 
resumed on April 15th.
Fig. (24) shows the duration of pollen shedding and 
the receptive period of the female cones in spring, 1962.
It can be seen that in each tree there was a period of three 
to six days when self-pollination could take place.
During the maximum period of pollen shedding, the 
branches and leaves of all the trees are coloured pink by 
the great quantities of pollen that falls.
The mature pollen grains of Chamaecyparis lawson­
iana are pink in colour, spherical in shape and have no air- 
bladders and no germ-pore. There is a great variation in 
size of the grain, and the diameter lies between 28 u and 
48 u. The exine is thin with finely granular flecks on its 
surface. The intine is thick and hyaline; its thickness 
varies from 2 u to 12 u. After a single nuclear division
the pollen grain is shed in the hinucleate condition. The 
generative cell, with its nucleus which is more darkly- 
staining than the tube nucleus, is very distinct from the 
rest of the grain. When the pollen grain is germinated in 
vitro, the intine swells rapidly on absorbing water,. so that 
the tliin exine is ruptured and cast off completely after 
five to six hours at room temperature (Fig. 29).
The female cones are borne at the ends of branches 
usually surrounded by a large number of male cones (Fig.30). 
Bisexual cones v/ere frequent on one tree, Ch 62 (Fig.31)* At 
the time of pollination, the young female cone consists of 
eight sporophylls or cone-scales (Fig.32), each subtending 
one to four erect ovules surrounding the central axis. Each 
receptive ovule secretes, at the mouth of the microphyle, a 
pollination drop v/hich is spherical in shape and somewhat 
viscous. It varies in diameter from 265 u to 706 u. These 
pollination drops were observed on the receptive cones in the 
early morning and had generally disappeared by mid-day.
When a cone is pollinated, the pollen grains are 
seen in the surface layer of the drops. These drops gradually 
diminish in size, become slightly irregular in shape, and 
finally disappear completely into the micropyle, withdrawing 
the pollen grains with them. The whole process normally 
talces 60 to 80 minutes. On the other hand, in ovules which 
are unpollinated, the drops remain for longer periods.
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Fig. 24. Chamaecyparis lawsoniana. The duration of 
pollen shedding and the receptive period 
of the female cones, spring, 1962.
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Longitudinal sections of the ovules at the time of 
pollination show an open micropyle v/ith the single integument 
extending above the level of the apex of the nucellus. In 
the pollinated ovules, the pollen grains adhere to the 
nucellar apex, as well as to the inner walls of the micropyle. 
Within a week, the micropyle becomes closed by the activity 
of some of the epidermal cells lining it. These "closing 
cells" elongate towards the centre of the micropyle, until 
finally they meet.
Within seven to ten days after pollination, the 
pollen grains send out pollen-tubes which pierce their way 
through the apical tissue of the nucellus. Late in May, the 
generative cell divides into a stalk-cell and a body-cell, 
both of which migrate into the pollen-tube. The tip of the 
tube now contains one large spherical cell, the body-cell, 
and two free nuclei, the stalk-nucleus and the tube-nucleus. 
They lie in close proximity to each other until the middle 
of June, when the two male cells are formed. It takes the 
pollen-tube about six to seven weeks to reach the female 
protahllus, and during this period, the body-cell remains 
practically unchanged. It has always been claimed that, in 
the Cupressaceae, two adjacent archegonia are fertilized by 
one pollen-tube (Baird, 1953)- The present material has not 
provided any evidence for such behaviour.
Pollination Experiments.
(1) 1961.
In March, 1961, female cone buds were found on 
five neighbouring trees of Chamaecyparis lawsoniana (Ch 52,
Ch 53 > Ch 55) Ch 57 and Ch 59), growing in the grounds of 
the Botanical Supply Unit. All other trees in the College 
grounds and the neighbouring regions were without male or 
female cones. It was a very poor "cone year" for this 
species, although judging by the heavy crop of mature female 
cones on these trees, the previous year had been a good one.
The scarcity of male cones on these trees make it likely 
that, at least in Chamaecyparis lawsoniana growing in this 
locality, the number of male cones is also affected in bad 
"cone years".
All five trees were used for pollination experiments, 
but in one of them, Ch 59) all the female cones failed to 
develop and so no results are given for this tree in Tables 
(13) and (14). The results for the other four trees are 
given in Tables 9 - 14.
I. SeIf-pollinated and unpollinated cones.
All the cones which were either self-pollinated 
or unpollinated increased only slightly in size, remained 
green in colour for several months, then began to dry up.
They contained shrunken ovules v/ith hard brown integuments.
II. Open-pollinated cones.
In three of the trees, Ch 53, Ch 55 and Ch 57) a 
lov; proportion of the open-pollinated cones reached maturity, 
having increased considerably in size and become gradually 
brown in colour. These cones contained both full and empty 
seeds. In the fourth tree, Ch 52, all open-pollinated cones 
failed to develop. This may have been the result of self- 
pollination.
III. Cross-pollinated cones.
All reciprocal crosses on the four trees have 
given mature cones and so might be considered to be success­
ful. The individual results are very variable (Table 13)) 
cone setting was highest in the cross Ch 57 x Ch 53) where 
88.2% of the cones have reached maturity, and lowest in the 
cross Ch 52 x Ch 53) where only 6.2% reached maturity. In 
all the crosses, more than 65% of the seeds per cone were 
full (Table 14).
(2) - 1962.
The year 1962 was a very good "cone year" for 
Chamaecyparis lawsoniana growing in this locality. All the 
trees bore large numbers of both male and female cones.
nTable 9- Chamaecyparis lawsoniana. Ch 52. Cone and seed
setting, 1961.
Treatment No. of 
young 
female 
cones
Mature female 
cones
Mean No. 
of seeds 
per cone
Full
per
seeds
cone
No. p.c. m.n. p.c.
Ch 52 self-poll. 17 0 0 0 0 0
Ch 52 open-poll. 100 0 0 0 0 0
Ch 52 unpoll. 13 0 0 0 0 0
Ch 52 X Ch 53 16 1 6.2 19.0 15-0 78.9
Ch 52 X Ch 55 20 5 25.0 19.2 15.4 69-7
Ch 52 X Ch 57 32 6 18.7 19.7 14.3 72.8
Ch 52 X Ch 59 18 4 22.2 19.5 15.2 79.4
nTable 10. Chamaecyparis lawsoniana. Ch 53. Cone and
seed setting, 1961.
Treatment Ho » of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Full
per
seeds
cone
Ho. p.c. m.n. p.c.
Ch 53 self-poll. 23 0 0 0 0 0
Ch 53 open-poll. 90 1 1.1 20.0 13.0 65.0
Ch 53 unpoll. 45 0 0 0 0 0
Ch 53 X Ch 52 46 3 6.5 20.6 16.0 77.4
Ch 53 X Ch 55 32 7 21.8 19.4 15.1 77.7
Ch 53 X Ch 57 20 4 20.0 19.2 15.5 80.5
Ch 53 X Ch 59 27 2 7.3 19.0 18.0 94.2
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Table 11. Chamaecyparis lawsoniana, Ch 55- Cone and
seed setting, 1961.
Treatment No. of 
young
Mature female 
cones
Mean no. 
of seeds
Full
per
seeds
cone
female
cones No. p.c.
per cone
m.n. p.c.
Ch 55 self-poll. 45 0 0 0 0 0
Ch 55 open-poll. 90 3 3.3 18.3 13.0 70.9
Ch 55 unpoll. 42 0 0 0 0 0
Ch 55 X Ch 52 41 13 31.7 18.4 14.1 76.2
Ch 55 X Ch 55 41 4 9.7 18.5 14.2 77.0
Ch 55 X Ch 57 29 4 13.8 19.7 15.5 78.5
Ch 55 X Ch 59 35 6 18.2 19.1 15.5 80.0
Table 12* Chamaecyparis lawsoniana, Ch 57» Cone and
seed setting, 1961.
Treatment No. of 
young
Mature female 
cones
Mean no. 
of seeds
Full
per
seeds
cone
female
cones No. p.c.
per cone
m.n. p.c.
Ch 57 self-poll. 49 0 0 0 0 0
Ch 57 open-poll. 66 10 15.1 16.8 11.4 67.8
Ch 57 unpoll. 31 0 0 0 0 0
Ch 57 X Ch 52 22 5 25.8 19.0 15.6 71.5
Ch 57 X Ch 53 17 15 88.2 17.3 12.5 71.9
Ch 57 X Ch 55 10 6 60.0 19.3 15.0 67.2
Ch 57 X Ch 59 27 7 25.9 17.8 12.4 69.6
Table 13. Chamaecyparis lawsoniana. Cone setting,
1961.
<7^
? \ Ch 52 Ch 53 Ch 55 Ch 57 Ch 59
Open-
pollin-
ation
Ch 52 6.2 25.0 18.7 22.2 0
Ch 53 6.5 21.8 20.0 7.3 1.1
Ch 55 31.7 9.7 m 13.8 18.2 3.3
Ch 57 23.8 88.2 60.0 25.9 15.1
Table 14. Chamaec.yparis lawsoniaaa. Pull seed setting,
1961.
\ c r ^
? Ch 52 Ch 53 Ch 55 Ch 57 Ch 59
Open-
pollin-
ation
Ch 52 78.9 69.7 72.8 79.4
i
0 1
Ch 53 77.4 77.7 80.5 94.2
1
65.0 j
. .. .... j
Ch 55 76.2 77.0 78.5 80.0
i
70.9
Ch 57 71.5 71.9 67.2 69.6 67.8
nTwelve trees were used as female parents: Ch 52,
Ch 53, Ch 54-, Ch 55Î Ch 5^, Ch 57 and Ch 59 (Botanical Supply 
Unit); Ch 61, Ch 62, Ch 72, Ch 81 and Ch 82 (the College 
grounds). Pollen was collected from all these trees and, 
in addition, from six other trees: Ch 85 (private garden,
Egham) ; Ch 91» Ch 92, Ch 93, Ch 94- and Ch 95 (Windsor Great 
Park). Tree Ch 62 hore a large number of bisexual cones as 
well as unisexual ones (Pig. 51).
Trees Ko. Ch 55, Gh 61 and Ch 72 were used for the 
majority of the experiments, and reciprocal crosses were 
made between each of them and all other trees. In the other 
nine trees (Ch 52, Ch 53, Ch 54-, Ch 56, Ch 57, Ch 59, Ch 62, 
Ch 81 and Ch 82), only a comparatively limited number of 
crosses were made. The results are given in Tables 15 - 23; 
and Pigs. 2 5 - 2 8 .
I. SeIf-po1linati on.
Contrary to expectation, self-pollination in all 
the twelve trees resulted in the production of mature female 
cones and so might be considered to be successful (Table 27). 
However, in six of these trees, Ch 52, Ch 54, Ch 55, Ch 56,
Oh 57 and Ch 59, the cones contained no full seeds. Although 
in the other trees the cones contained full seeds as well as 
empty seeds, the number of full seeds per cone was very low.
always less than 10% (Table 28 and Pigs. 25 - 28).
II* Open--pollination.
Open-pollination in the twelve trees, as might be 
expected, was even more successful, and as can be seen in 
Table (27), the number of cones reaching maturity varied 
from 58.8% to 89.5%* Here, the proportion of the full seeds 
per cone was considerably higher than that in the self­
pollinated cones, and this was true even for trees Ch 61 
and Ch 82, v/here, although self-pollination gave better 
cone setting than open-pollination, the percentage of full 
seeds per cone was higher in the open-pollinated cones.
Some of the open-pollinated cones on trees Ch 55, Ch 59,
Ch 61 and Ch 82 contained no full seeds, and may have been 
the result of self-pollination.
III. Unpollinated female cones.
Except in one tree (Ch 52), all unpollinated female 
cones failed to develop. Most of them increased slightly in 
size, changed in colour to a bluish green, and then, after 
four or five months, dried up and fell off the tree.
In tree Ch 52, however, seven unpollinated cones 
(out of 144) increased considerably in size, and reached 
maturity at the same time as the self-pollinated and cross­
pollinated cones. Each produced a number of small but empty
seeds (Table 15). In this particular tree, the female 
cones were receptive at a relatively late period (Fig. 24), 
and it is possible that they had received pollen before they 
were bagged.
IV. Cross-pollinations.
In all,, ninety two crosses were made on the twelve 
trees of Chamaecyparis lawsoniana involving 15,361 young 
female cones. In every one of these crosses, a large number 
of cones have reached maturity (Table 27) and so might be 
considered to be successful.
These intraspecific crosses can be classified into 
four groups. In the first group, cone setting is more than 
75%. It includes 57 crosses; in nine of them more than 90% 
of the cones have reached maturity. In the second group, 
cone setting is 51% to 75%. It includes 58 crosses. The 
third group, in which cone setting is 26% to 50%, includes 
15 crosses. In the fourth group, which includes only one 
cross (Ch 59 X Ch 81), cone setting is less than 25%.
One cross, Ch 55 x Ch 81, v/ith 76.5% cone setting, 
differs from the rest in that all the female cones that 
reached maturity were smaller in size than in the other 
crosses. This cross, however, gave a good yield of full 
seeds.
Except in one cross (Ch 81 x Ch 72), all the mature
JùO
cones produced from the crosses contained a number of full 
seeds, and indeed macy of them contained no empty seeds at 
all. In the cross Ch 81 x Ch 72, 4% of the mature cones 
contained no full seeds, a result which is difficult to 
explain.
The number of full seeds per cone (Table 28), 
can be seen to range from 5.6 (equivalent to 30.0%) in the 
cross Ch 81 x Ch 72 to 11.4 (equivalent to 94.7%) the 
cross Ch 55 X Ch 62, where in 40% of the cones, all seeds 
were full.
In 59 crosses, the percentage of full seeds per 
cone was more than 75, in eighteen of which more than 90% 
of the seeds per cone v/ere full. In 21 crosses, full seed 
setting was 51% to 75%; and in 10 crosses, it was 26% to 50%.
The results of the cross- and self-pollinations on 
the individual trees are presented as histograms in Figs.
25 and 26. These show that full seed setting is much 
greater in the cross-pollinated cones, where it ranges from 
49.2% to 89.3%; while the maximum in the self-pollinated 
cones is 9*5%. This difference is even more clearly shown 
in Figs. 27 and 28 in which the results for all twelve 
trees have been put together.
Serial longitudinal sections of self-pollinated 
ovules at different stages, show that they follow the same
JOI
course of development as the cross-pollinated ones (Figs. 33, 
34, 35 and 36). In most ovules, the development proceeded 
in an apparently normal way until the formation of embryo- 
complexes (Fig. 36). In some of them, however, the pollen- 
tubes did not reach the female gametophyte in time to effect 
fertilization (Fig. 34).
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Table I5 . Chamaecyparis 1 awsoni ana, Ch 52. Cone and
seed setting, 1962.
Treatment No. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Pull seeds 
per cone
No. p.c. m.n. p.c.
Ch 52 seIf-poll. 199 39 19.6 15.8 0 0
Ch 52 open-poll. 209 95 4-5.4. 17.9 8.8 4-8.9
Ch 52 unpoll. 144- 7 4-.9 15.6 0 0
Ch 52 X Ch 55 94- 32 34.0 16.6 12.0 72.0
Ch 52 X Ch 61 89 30 33.7 17.6 12.9 73.0
Ch 52 X Ch 72 116 88 75.9 17.9 10.0 56.2
Ch 52 X Ch 81 92 64- 69.6 16.4- 11.6 71.1
Ch 52 X Ch 92 111 60 54.1 16.7 13.3 79.6
Ch 52 X Ch 95 96 51 53.1 18.1 13.7 75.7
Table 16. Chamaecyparis lawsoniana, Ch 53. Cone and
seed setting, 1962.
Treatment Ko. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Pull
per
seeds
cone
No. p. c. m.n. p.c.
Ch 53 self-poll. 315 86 27.3 18.0 0.7 3.8
Ch 53 open-poll. 212 113 53.3 17.2 7.6 44.2
Ch 53 unpoll. 87 0 0 0 0 0
Ch 53 X Ch 54 92 38 4-1.3 13.4 8.4- 54.4-
Ch 53 X Ch 55 96 71 73.9 18.7 13.8 73.7
Ch 53 X Ch 56 69 52 75.4 16.8 11.9 70.5
Ch 53 X Ch 57 77 37 4-8.1 17.3 10.6 61.1
Ch 53 X Ch 61 96 65 67.7 17.4 12.8 73.5
Ch 53 X Ch 72 136 110 80.9 17.8 12.5 70.3
Ch 53 X Ch 81 71 51 71.8 17.4 11.6 66.4-
Ch 53 X Ch 92 201 121 60.2 13.4- 11.1 72.0
Table 17* Chamaecyparis lawsoniana, Ch 54. Cone and
seed setting, 1962.
Treatment No. of 
young
Mature female 
cones
Mean no. 
of seeds
Full
per
seeds
cone
female
cones No. p.c.
per cone
m.n. p.c.
Ch 54 self-poll. 185 70 37.8 16.0 0 0
Ch 54 open-poll. 146 105 70.5 16.0 4.5 28.3
Ch 54 unpoll. 112 0 0 0 0 0
Ch 54 X Ch 55 128 64 50.0 17.0 16.0 94.1
Ch 54 X Ch 61 111 72 64.9 17.8 16.4 92.1
Ch 54 X Ch 72 104 56 53.8 15.7 12.3 78.1
Ch 54 X Ch 81 117 75 64.1 17.5 14.7 84.2
Table 18_ Chamaecyparis lawsoniana, Ch 55* Cone and
seed setting, 1962.
Treatment Ho. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Full
per
seeds
cone
Ho. p.c. m.n. p.c.
Ch 55 self--poll. 559 208 37.2 14.4 0 0
Ch 55 open--poll. 317 236 74.4 12.9 2.0 15.8
Ch 55 unpoll. 215 0 0 0 0 0
Ch 55 X Ch 52 121 96 79.3 12.4 11.6 94.2
Ch 55 X Ch 53 172 118 68.6 14.0 13.2 94.2
Ch 55 X Ch 54 160 126 78.8 12.2 10.5 86.5
Ch 55 X Oh 56 102 70 68.6 13.1 11.4 87.2
Ch 55 X Ch 57 122 111 90.9 12.9 11.5 89.1
Ch 55 X Ch 59 156 105 66.0 11.0 8.4 76.4
Ch 55 X Ch 61 251 102 40.6 14.0 11.9 84.6
Ch 55 X Ch 62 126 115 91.3 12.0 11.4 94.7
Ch 55 X Ch 72 412 213 51.7 13.8 12.0 87.2
Ch 55 X Ch 81 114 87 76.3 10.9 9.6 87.9
Ch 55 X Ch 82 464 285 61.4 12.8 11.6 90.0
Ch 55 X Ch 85 138 96 69.6 13.3 11.5 86.5
Ch 55 X Ch 91 99 63 63.6 12.3 10.6 86.0
Ch 55 X Ch 92 119 85 71.4 13.7 12.2 89.2
Ch 55 X Ch 93 147 49 33.3 12.5 11.6 92.7
Ch 55 X Ch 94 105 72 68.6 11.9 11.0 92.3
Ch 55 X Ch 95 ' 154 76 49.4 12.0 10.4 86.7
lôé
Table 19• Chamaecyparis lawsoniana. Ch $6. Cone and
seed setting, 1962.
Treatment Ho. of 
young
Mature female 
cones
Mean no. 
of seeds
Full
per
seeds
cone
female
cones Ho. p.c.
per cone
m.n. p.c.
Ch 56 self-poll. 177 35 19.8 17.6 0 0
Ch 56 open-poll. 175 105 60.0 15.4 5.4 35.3
Ch 56 nnpoll. 93 0 0 0 0 0
Ch 56 X Ch 55 84 72 85.7 16.9 15-5 91.9
Ch 56 X Ch 61 63 21 33.3 16.6 13.9 83.7
Ch 56 X Ch 72 92 77 83.7 18.4 17.6 95.4
Ch 56 X Ch 81 64 34 53.1 16.7 14.6 87.1
Ch 56 X Ch 91 52 27 51.9 16.8 14.6 86.7
Table 20. Chamaecyparis lawsorilana, Ch 57* Cone and
seed setting, 1962.
Treatment Ko. of
young
Mature female 
cones
Mean no. 
of seeds
Full
per
seeds
cone
female
cones Ko. p#.c.
per cone
m.n. p. c.
Ch 57 self-poll. 170 ' 31 18.2 17.6 0 0
Ch 57 open-poll. 170 66 58.8 18.2 4.5 25.7
Ch 57 unpoll. 92 0 0 0 0 0
Ch 57 X Ch 55 ' 98 58 57.1
*
- -
Ch 57 X Ch 61 114 44 58.6 16.8 7.1 42.4
Ch 57 X Ch 72 108 34 31.5 18.4 15.2 85.0
Ch 57 X Ch 81 102 86 84.5 16.2 11.7 72.2
* The number of seeds in tliis cross was not recorded.
Table 21. Chamaecyparis lawsoniana, Ch 59* Cone and
seed setting, 1962.
Treatment Ho. of 
young
Mature female 
cones
Mean no. 
of seeds
Full
per
seeds
cone
female
cones Ho. p.c.
per cone
m.n. p.c.
Ch 59 self-poll. 346 97 28.0 17.6 0 0
Ch 59 open-poll. 243 127 52.3 16.3 1.4 8.6
Ch 59 unpoll. 109 0 0 0 0 0
Ch 59 X Ch 55 100 76 76.0 16.9 12.1 71.8
Ch 59 X Ch 61 112 80 71.4 16.7 13.5 79.9
Ch 59 X Ch 72 81 28 34.6 17.2 14.5 84.0
Ch 59 X Ch 81 98 22 22.4 17.1 8.5 49.3
Table 22. Chamaecyparis lawsoniana, Ch 61. Cone and
seed setting, 1962.
Treatment Ko. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Full
per
seeds
cone
Ho. p.c. m.n. p.c.
Ch 61 self--poll. 615 317 51.7 17.0 1.5 8.7
Ch 61 open--poll. 591 159 40.7 17.9 6.1 33.9
Ch 61 unpoll. 255 0 0 0 0 0
Ch 61 X Ch 52 178 124 69.7 19.1 14.2 74.6
Ch 61 X Ch 55 188 176 93.6 19.3 16.4 84.7
Ch 61 X Ch 54. 177 116 60.6 17.9 15.6 87.0
Ch 61 X Ch 55 551 277 83.7 17.8 15.5 87.2
Ch 61 X Ch 56 176 109 61.9 18.2 16.6 91.2
Ch 61 X Ch 57 155 135 87.1 18.8 17.6 93.8
Ch 61 X Ch 59 182 98 53.8 16.8 15.1 90.9
Ch 61 X Ch 62 180 99 55.0 17.4 15.4 84.1
Ch 61 X Ch 72 648 374 57.7 18.5 15.2 81.9
Ch 61 X Ch 81 109 89 81.7 18.8 16.2 86.4
Ch 61 X Ch 82 267 120 44.9 19.2 17.4 90.6
Ch 61 X Ch 85 339 254 74.9 18.4 16.0 87.1
Ch 61 X Ch 91 217 187 86.2 17.3 15.9 92.1
Ch 61 X Ch 92 102 57 55.9 16.5 14.9 90.5
Ch 61 X Ch 95 366 231 63.1 19.0 17.6 93.0
Ch 61 X Ch 94- 317 158 49.8 18.4 15.2 82.6
Ch 61 X Ch 95 249 194 77.9 19.0 16.6 87.4
Table 23* Chamae cyparis lawsonlana, Ch 62. Cone and
seed setting, 1962.
Treatment No. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Full
per
seeds
cone
No. p.c. m.n. p. c.
Ch 62 self-poll. 223 53 23.7 24.0 0.3 1.2
Ch 62 open-poll. 320 150 46.9 22.3 7.0 31.2
Ch 62 unpoll. 189 0 0 0 0 0
Ch 62 X Ch 55 162 148 91.3 23.4 19.6 83.6
Ch 62 X Ch 61 123 86 69.9 21.9 16.9 77.2
Ch 62 X Ch 72 148 118 79.7 22.6 19.1 84.3
Ch 62 X Ch 81 106 64 60.4 22.1 18.2 82.4
y//
Table 24. Chamaecyparis lawsoniana. Ch 72. Cone and
seed setting, 1962.
Treatment No. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Full
per
seeds
cone
No. p.c. m.n. p.c.
Ch 72 self--poil. 417 542 82.0 17.9 1.4 7.6
Ch 72 open--poil. 339 278 82.0 17.5 3.9 22.4
Ch 72 unpoll. 173 0 0 0 0 0
Ch 72 X Ch 52 98 75 76.5 16.8 6.4 37.9
Ch 72 X Ch 53 97 90 92.8 18.1 14.1 77.7
Ch 72 X Ch 54 - 69 63 91.3 15.7 13.4 85.2
Ch 72 X Ch 55 230 217 94.3 17.7 12.8 72.5
Ch 72 X Ch 56 94 47 50.0 17.5 9.3 53.3
Ch 72 X Ch 57 84 72 85.7 18.0 15.9 88.0
Ch 72 X Ch 59 99 87 87.9 17.2 13.8 80.5
Ch 72 X Ch 61 218 187 85.8 17.9 9.3 51.9
Ch 72 X Ch 62 89 74 83.1 17.6 6.6 37*4
Ch 72 X Ch 81 77 59 76.6 17.6 11.4 64.4
Ch 72 X Ch 82 76 66 86.8 17.8 7.4 41.8
Ch 72 X Ch 85 87 70 80.4 17.7 6.0 33.6
Ch 72 X Ch 91 88 87 98.9 18.0 13.6 75*9
Ch 72 X Ch 92 74 61 82.4 17.7 14.6 82.6
y/z
Table 25* Chamae cy pari s 1 awsoni ana, Ch 81 • Cone and
seed setting, 1962.
Treatment No. of 
young
Mature female 
cones
Mean no. 
of seeds
Full
per
seeds
cone
female
cones No. p.c.
per cone
m.n. p.c.
Ch 81 self-poll. 564 246 67.6 16.9 1.6 9.5
Ch 81 open-poll. 588 525 89.3 18.2 4.0 21.8
Ch 81 unpoll. 102 0 0 0 0 0
Ch 81 X Ch 55 155 124 93.2 19.3 15.4 79.7
Ch 81 X Ch 61 107 94 87.9 19.6 14.4 73.4
Ch 81 X Ch 72 170 86 50.6 18.6 5.6 30.0
Ch 81 X Ch 82 109 82 74.4 19.3 16.2 83.9
Table 26. Ghamaecyparis 1awsoniana, Ch 82. Cone and
seed setting, 1962.
Treatment No. of 
young 
female 
cones
Mature female 
cones
Mean no. 
of seeds 
per cone
Full
per
seeds
cone
No. p.c. m.n. p.c.
Oh 82 self-poll. 259 213 82.2 17.2 1.4 8.1
Ch 82 open-poll. 379 276 72.8 17.9 3.3 18.6
Ch 82 unpoll. 159 0 0 0 0 0
Ch 82 X Ch 55 114 98 84.2 19.5 12.6 64.7
Ch 82 X Ch 61 196 120 61.2 17.5 6.4 36.4
Ch 82 X Ch 72 168 122 72.6 18.2 8.0 44.1
Ch 82 X Ch 81 138 120 86.9 17.7 8.9 50.1
Table 2 7. Chamaec.yparis lawsordana. Cone setting, 1962.
/T6
? \ Ch 52 Ch 53 Ch 54 Ch 53 Ch 56 Ch 57 Ch 59 Ch 61 Ch 62 Ch 72 Ch 81 Ch 82 Ch 85 Ch 91 Ch 92 Ch 93 Ch 94 Ch 93 Open-poll.
Ch 52 i9 /19 .6 3 4 .0 3 3 .7 7 3.9 6 9 .6 3 4 .1 3 3 .1 4 5 .4
Ch 5$ 2 7 .3
.....
41.3 7 3 .9 7 3 .4 4 8 .1 5 7 .7 80 .9 7 1 .8 60.2 33 .3
Oh 54 3 7 .8 5 0 .0 6 4 .9 3 3.8 64.1 7 0 .3
Ch 55 7 9 .3 6 8 .6 7 8 .8 68.6 9 0 .9 6 6 .0 40.6 91.3 51 .7 7 6 .3 61.4 6 9 .6 6 3 .6 7 1 .4 3 3.3 6 8 .6 4 9 .4 7 4 .4
Ch 56 8 5 .7 1 9 .8 3 3 .3 8 3 .7 3 3 .1 3 1 .9 60.0
Ch 57 3 7 .1 1 8 .2  . 3 8 .6 3 1 .3 8 4 .3 3 8 .8
Ch 59 7 6 .0 7 1 .4 3 4 .6 22.4 3 2 .3  '
Ch 61 6 9 .7 9 3 .6 60.6 8 3 .7 61.9 8 7 .1 5 3 .8 33 .0 37.7 81.7 4 4 .9 7 4 .9 8 6 .2 3 3 .9 6 3 .1 4 9 .8 7 7 .9 40.7
Ch 62 9 1 .3 6 9 .9 2 3 .7 7 9 .7 60.4 4 6 .9
Ch 72 7 6 .5 9 2 .8 9 1 .3 9 4 .3 5 0 .0 8 5 .7 8 7 .9 8 5 .8 8 3 .1 S o 7 6 .6 8 6 .8 80.4 9 8 .9 8 2 .4 82.0
Ch 81 9 3 .2 8 7 .9 50.6 67^ ê- 7 4 .4 8 9 .3
Ch 82 84.2 61.2 7 2 .6 8 6 .9 7 2 .8
Table 28. Chamaecyparis lawsoniana. Pull seed setting, 1962.
\
$ \ Ch 52 Oh 53 Ch 54 Ch 53 Ch 56 Ch 57 Oh 59 Ch 61
Oh 62 Oh 72 Oh 81 Ch 82 Ch 85 Ch 91 Ch 92 Oh 93 Oh 94 Oh 95
Open-
poll.
Oh 52 0 7 2 .0 7 3 .0 56 .2 71.1 7 9 .6 7 5 .7 4 8 .9
Oh 53 3 .8 5 4 .4 7 3 .7 7 0 .5 61.1 7 3 .5 70.3 6 6 .4 7 2 .0 44.2
Ch 54- 0 9 4 .1 92.1 7 8 .1 8 4 .2 2 8 .5
Oh 53 94-. 2 94-. 2 8 6 .5 0 8 7 .2 8 9 .1 76.4 8 4 .6 9 4 .7 8 7 .2 8 7 .9 9 0 .0 86.5 8 6 .0 8 9 .2 9 2 .7 9 2 .5 8 6 .7 1 5 .8
Ch 56 9 1 .9 #v\o; 8 5 .7 9 5 .4 87.1 8 6 .7 3 5 .3
Ch 57 - 0 4 2 .4 8 5 .0 72.2 2 5 .7
Oh 59 7 1 .8 7 9 .9 8 4 .0 4 9 .0 8 .6
Oh 61 7 4 .6 8 4 .7 8 7 .0 8 7 .2 91.2 9 3 .8 9 0 .9 8 .7 84.1 81.9 8 6 .4 9 0 .6 87.1 92.1 9 0 .5 9 3 .0 9 2 .6 8 7 .4 3 5 .9
Oh 62 8 5 .6 77.2 -1:1.2 84.5 8 2 .4 5 1 .2
Oh 72 3 7 .9 7 7 .7 8 5 .2 72.5 5 3 .3 8 8 .0 8 0 .6 3 1 .9 3 7 .4 7 .6 6 4 .4 4 1 .8 3 5 .6 7 3 .9 8 2 .6 2 2 .4
Oh 81 7 9 .7 7 3 .4 5 0 .0 8 5 .9 21.8
Ch 82 6 4 .7 5 6 .4 44.1 50.1 18.6
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Fig. 25. Chamaecyparis lawsoniana. Mean number of seeds 
per cone obtained after self-pollination (S) 
and cross-pollination (C) in twelve individual 
trees.
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Fig. 26. Chamaecyparis lawsoniana. Percentage of full 
seeds per cone obtained after self-pollination 
(S) and cross-pollination (C) in twelve individual 
trees.
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Fig. 27. Chamae cypari s 1aws oni ana. Mean number of 
seeds per cone obtained after self-pollin­
ation (S) and cross-pollination (C) in all 
tv/elve trees taken together.
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Fig. 28. Chamaecyparis lawsordana. Percentage of 
full seeds per cone obtained after self- 
pollination (S) and cross-pollination (C) 
in all ty/elve trees taken together.
Fig. 29» Chamaecyparis lawsoniana. Pollen 
grain germinated in vitro, showing 
the cast-off exine, the generative 
cell and the tube nucleus.
(Fixed Navashin - stained Feulgen) 
(Z 650).
Fig. 30. Chamaecyparis lawsoiiiana. A small
"branch bearing young receptive female 
cones at the tips and a large number 
of male cones. (Natural size).
/-?i
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Fig. 31. Chamaecyparis lav/soniana, Ch 62.
Bisexual cones. The black parts 
on the cones are the pollen-sacs 
(X 5).
Fig. 32. Chamaecyparis lawsoniana» Ch 72.
A young receptive female cone showing 
decussate arrangement of cone-scales 
and projecting micropylar necks with 
pollination drops. (X 4-0).
Fig* 35* Chamaecyparis lawsoirLana, Ch ?2 self­
pollinated, collected on 13.5*1962.
An ovule in L.S., showing the closing 
cells of the micropyle (C) and the 
pollen-tubes in the nucellus (P). The 
megaspore is in the free-nucleate stage 
(% 300).
I
%
Fig. 34(I;. Chamaecyparis lav/soniana, Ch 72 self­
pollinated, collected on 10.6.1962. An 
ovule in L.S., showing a pollen-tuhe in 
the trinucleate stage, possibly arrested 
in the nucellus. (X 300).
mFig. 34^, Chamaecyparis lav/soniana, Ch ?2 self­
pollinated, collected on 10.6.1962, 
shortly before fertilization. An ovule 
in L.S.,, showing male cells very near 
the archegonium. (X 300).
%Fig. 35* Chamaecyparis lawsoiiiaaa, Ch 72 self­
pollinated, collected on 24.6.1962, 
showing part of an ovule in L.S. with 
two male cells (indicated by an arrow) 
entering an archegonium. (X 650).
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Fig. 36. Chamaecyparis lawsoniana, Ch 72 self­
pollinated, collected on 24.6.1962.
L.S. of a part of an ovule showing the 
embryo-complex v/ith the long suspensors. 
(X 300).
BEHAVIOUR OF POLLEN IN VITRO.
The four species of Conifers are very different 
in the time of pollination and the period of dormancy which 
may follow. In Cedrus atlantica, pollination takes place 
in October and the pollen grains remain dormant for about 
eight months, and germinate in June or July. In Tsuga 
canadensis, pollination takes place in May and pollen grains 
remain dormant for about seven weeks and then germinate.
In Pinus siIvestris, although pollination takes place at 
nearly the same time as in Tsuga, pollen grains germinate 
7/i thin a few days and grow in the nucellus for about four 
months. Growth stops completely during the v/inter months 
and is not resumed until next spring. In Chamaecyparis 
lawsoniana, pollination takes place in March or April, 
pollen grains germinate as soon as they come in contact v/ith
I
the nucellus of the ovules and the pollen tubes reach the 
embryo-sac in about eight weeks.
It was expected that an investigation into the 
effect of various factors on pollen germination and grov/th
in vitro might help to explain the behaviour of the pollen 
in the female cones, and also give information which might 
be of practical use in controlled pollination experiments. 
Differences in behaviour of pollen in vitro and in vivo may 
give a possible clue as to the presence and nature of any 
incompatibility mechanism.
The present experiments were designed to investigate 
factors which one might expect to be important under natural 
conditions. They had to be limited to the effect of medium, 
temperature and storage.
I. Germination of pollen in vitro.
Since the discovery of the pollen tube by the 
Italian astronomer Amici (1830), pollen has often been 
germinated in vitro. Water was first used (van Tieghem,
1869; lost, 1905; Lidfors, 1909), but often did not give 
satisfactory results and caused bursting. Sugar solutions, 
with or v/ithout agar or gelatine, have proved to be a more 
successful medium. The pollen of different species vary 
widely in their sugar requirements. The optimal sucrose 
concentration was found to be 10% or less for Antirrhinum, 
Lathyrus and Bryophyllum (Smith, 1942) and for Pinus 
(Duffield 8c Snow, 1941; Hesseltine & Snyder, 1958; King, 
1959)» Sucrose concentrations of 10% to 20% were used for
pollen of several fruit trees (Nebel & Buttle, 1936; King & 
Hesse, 1938; Visser, 1955); 20% to 50% for Saccharurn
(Sartoris, 1942) and Lythrum (Esser, 1953); 35% to 50%
for Cassia (Tischler, 1917). Branscheidt (1930) obtained 
germination of Cornus, Helloborus and Cannabis pollen only 
in sucrose concentrations as high as 70% to 80%; Cory lus 
pollen gave optimum germination in 80% sucrose solutions.
There are two theories as to the role of sugar
in pollen germination. The first is that the externally
supplied sugars are not utilised by the pollen tubes for any
nutritional purposes, but have only an osmotic role (Martin,
1913; Anthony & Horlan, 1920; Visser, 1955)» The second
is that, apart from their osmotic role, the externally
supplied sugars in the medium (or in the style) definitely
serve as a nutrient material for the growing tubes (Brink,
1924d; 0 'Kelley, 1955, 1957; Vasil, I960). According to
Brink (I.e.), reserve food materials in the pollen are
consumed during the initial stages of germination but are
not adequate for the enormous growth of the tubes in vivo.
The studies of O'Kelley (1955, 1957) on the pollen tubes of
14Tecoma radicans, using C - labelled sugars, conclusively 
proved that the externally supplied sucrose, fructose, or 
glucose are absorbed and utilized in respiration and growth.
The effect of temperature on pollen germination
has been investigated in many species of Angiosperms 
(Roberts & Struckmeyer, 1948; Visser, 1955). In the great 
majority of the species, maximum germination and tube length 
was found to occur between 20^ G and 50^ C (Smith, 1942; 
Visser, 1955; King & Johnston, 1958).
Method.
Two techniques were used for germinating the pollen,
(1) - Hanging-drop technique.
The multiple hanging-drop technique, outlined by 
Righter (1939) was used for most experiments. The germin­
ation chamber was made by pouring melted paraffin wax (m.p. 
55^ C) into the warmed bottom of a Petri dish so that the 
horizontal surface was covered uniformly to a depth of two 
or three millimetres. Small areas, about 4 mm. square, 
were freed from the paraffin by scraping with a small sharp 
sterile scalpel during the solidification of the v/ax. The 
holes thus made allowed the hanging-drop cultures to be 
seen against clear glass and prevented them from running 
together. Pollen was shaken up in a small amount of the 
liquid (tapwater, distilled water or sucrose solutions of 
the concentrations 0.5%» 1%» 2%, 5%, 5% or 10%). The 
liquid was then drawn into a medicine dropper, and a drop 
was squeezed out into each of the holes. The Petri dish was
then inverted gently into its lid in which a few drops of 
distilled water had been placed in order to prevent evapor­
ation of the hanging-drops. The Petri dishes were then 
incubated at 25^ C for ?2 hours. In this way, numerous 
tests could be set up quickly in the same germination chamber 
and in accordance with the requirements of random sampling.
(2) - Agar-disc technique.
For the main bulk of the experiments, a medium 
consisting of an aqueous gel of 2% agar and different 
concentrations of sucrose, ranging from QF/o to 50%» was 
prepared using the agar-disc technique devised by Duffield 
& Snow (1941). An agar-sucrose gel is cut into small wafers 
or discs, 17 imn in diameter and 5 3nm thick. Pollen is dusted 
on each of these discs. The agar-discs required for each 
series of tests are placed in a single Petri dish. In order 
to maintain the moisture equilibrium inside each dish, a 
layer of the medium is poured in its lid. The culture dishes 
are then incubated at the required temperature for 72 - 168 
hours depending on the experiment.
All experiments were run in duplicate and the 
results recorded as an average of the two. To estimate the 
germination percentage and the mean pollen-tube length, a 
random sample of 100 pollen grains was examined (50 from
i32f.
each of the two replicates) using a 10 X ocular combined 
with a 16 mm objective. Counts and measurements were made 
in four different fields each containing about 25 grains, 
so that variation in density of the pollen,, v/hich is known 
to affect pollen-tube growth might be avoided.
Results.
Preliminary experiments on pollen germination in 
all four species showed that:
(1) - Freshly collected pollen of Pinus silvestris, Tsuga
canadensis and Chamaecyparis lawsoniana germinates
readily at 18^ C and temperatures above it. Pollen
of Cedrus» on the other hand, behaves differently. It 
does not germinate readily until about three weeks 
after shedding. In freshly collected pollen, germ­
ination is absent or very low. This may be connected 
with the variation in the time of division of the 
generative cell referred to on page 36.
(2) - No germination at all takes place at 16^ C and
temperatures below it.
(3) - Cultures at temperatures below 20° C are very
difficult to examine ov/ing to heavy contamination 
with fungi. In the experiments dealing with the 
effect of temperature on pollen germination, all tests
were made at four different temperatures, namely,
20° C, 25° C, 30° C and 35° C, using the agar-disc 
technique.
(4) - The hanging drop technique is difficult to use for 
quantitative work on Ce drus and Pinus. The winged 
pollen grains rise quickly to the surface of liquids 
and usually collect into dense masses on the surface 
of the drops. This interferes with germination 
counts and pollen-tube measurements. The agar-disc 
technique was, therefore, used for the bulk of the 
experiments.
Effect of medium.
A high percentage of bursting occurs in distilled 
water and in sucrose solutions of low concentrations ; and 
bursting decreases gradually as the sucrose concentration 
increases. Although no bursting takes place in the 10% 
sucrose solution, the percentage of germination is lower 
and the pollen tubes are shorter than in the corresponding 
agar-sucrose medium (compare Tables 29 and 30).
The highest percentage of germination and 
greatest pollen-tube growth was obtained on the 10% sucrose- 
agar medium v/ith Pinus si Ive stri s, Chamaecyparis lav/soniana 
and the three species of Ce drus, and on the 15% sucrose-agar
J3Q
medium with Tsuga canadensis (see Figs. 37 and 38; and 
Tables 30 and 42).
It was noticeable, v/ith all pollen, that starch 
accumulated in pollen tubes which were growing on media 
containing sugar. Starch grains were especially obvious 
in the region surrounding the tube nucleus.
Effect of temperature.
These experiments were designed to compare the 
effect of temperature on pollen germination and pollen-tube 
growth in the four species, as well as in the different 
trees of each species. The results are presented as graphs 
in Figs. (39 - 43) and in Tables (31 - 50 and 53 - 65).
Temperature can be seen to affect the percentage 
of germination, the rate of pollen-tube grov/th, the time of 
germination and, in some species, the shape of the pollen 
tubes.
Maximum germination and pollen-tube grov/th in all 
four species occurs at 25° C to 30° C (Figs. 39» 41, 42 and 
43; Tables 35» 40, 47 and 49). In this Conifers resemble 
most Angiosperme.
In C. at1antica (Cd 1) and P. siIvestris (P 152), 
germination at 20° C is delayed for 12 hours as compared 
with germination at the higher temperatures (Figs. 39 and
42; Tables 35 and 47). In T. canadensis, (T 100 and T 101), 
temperature has a greater effect. Germination is delayed 
for 12 hours at 25° C and for 24 hours at 20° C (Figs. 41a 
and b; Tables 40 and 65). In C. lawsoniana (Ch 55), the 
situation is different. It was found necessary to include 
the body of the pollen grain in pollen tube measurements 
because they could not be differentiated; both formed a 
continuous slender cylindrical structure (Fig. 29). At all 
four temperatures, the exLnes are cast off within five to 
six hours of incubation; germination begins after 12 hours 
(Fig. 43; Table 49). At 35^ C, however, very little growth 
of the pollen tubes occurs.
In some species, the temperature was found to 
affect the shape of the pollen tubes. In C. atlantica, 
there v/ere striking differences in the shape of the pollen 
tubes at the different temperatures. At 20° C, the pollen 
tubes were narrov/ and more or less uniform in size through­
out their length. At 25° C and 30° C, the pollen tubes 
were longer and broader, but still uniform in width. At 
35° C, the pollen tubes, although shorter, were broader in 
diameter at their distal ends and so more or less club- 
shaped. In P. siIvestris, an unexpected response to changes 
of temperature was found. At 25° C and 30° C, the pollen 
tubes exhibited various degrees of branching similar to
those observed in the nucellus of the ovules. This was 
first observed after 72 hours and by 96 hours all pollen 
tubes were branched. No branching pollen tubes were found 
at 20° C or 35° C.
As might be expected, the longest pollen tubes 
v/ere found in the three Ce drus species and in Tsuga canadensis 
where some of them reach a length of 1200 u (Tables 32, 33»
37 and 62). This is very parallel to their behaviour in 
vivo. Pollen tubes measuring 1000 to 1200 u have been seen 
grovâng in the nucellus of Cedrus, and others measuring 
1200 to 2000 u on the cone-scales of Tsuga.
A comparison of the behaviour of pollen of all 
the trees used as pollen parents was carried out at only 
a single temperature (23° C), except in Tguga canadensis 
(T 100 and T 101), v/here four temperatures were used.
In Cedrus,except for slight differences in the 
time of germination, the behaviour of pollen of all the 
trees was similar, as shown in Fig. (40a) which gives the 
results of trees belonging to three different species, and 
in Fig. (40b) for three trees of one species - 0. atlantica. 
The same situation was found in trees T 100 and T 101 of 
Tsuga canadensis (compare graphs a and b in Fig. 41).
A high percentage of germination v/as recorded for 
pollen of all trees of Cedrus, 80% - 92% (Tables 53 - 60);
p. si Ives tris, 81% - 92% (Table 48); and G. lawsoniana, 
80% - 98% (Table 50). In Tsuga canadensis, on the other 
hand, a considerable variation was observed, 52% - 80% 
(Table 41).
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II. storage of Pollen.
Pollen storage is often a necessary part of 
breeding programmes and in Conifers, where pollen may remain 
dormant in the female cones for several months, experiments 
on pollen storage may have an added significance.
A number of workers have investigated conditions 
affecting pollen storage and have shown that relative 
humidity and temperature are important factors. Most of 
the v/ork has been done on Angiosperme, but there are some 
records for Conifers and, on the v/hole, these indicate that 
Conifer pollen remains viable for longer periods than does 
the pollen of Angiosperme.
It is difficult to separate the influence of 
temperature and relative humidity on pollen longevity.
Ifmidt (1910), working at temperatures 1?^ C - 22° C with 
about 140 species including two Conifers, found that at 
relative humidities of 0%, 30%, 60% and 90%, the pollen of 
the majority of the species retained viability longer at 0% 
and 30% relative humidity than at the higher ones. At 0% 
relative humidity, the pollen of Pinus montana and 
P. silvestris remained viable for 280 days. These results
were confirmed by Holman & Brubaker (1926) v/ho listed long­
evity data for 231 species belonging to 175 genera and 23 
families. The extremes noted were one to two days for 
Zea mays and 279 days for Pinus silvestris. Tanaka (1955) 
succeeded in storing pollen of Pinus densiflora in complete 
dryness at room temperature, and found that it “retained the 
capacity for germination and tube growth on the same level" 
for more than a year.
Experiments on storage at temperatures between 0°C 
and +10° G have shown that pollen may remain viable for a 
year or more if stored at relative humidities betv/een 10% 
and 50%, e.g., several species of fruit trees (Hebei & 
Ruttle, 1936; King & Hesse, 1938): Lilium, Amaryllis and
Cinchona (Pfeiffer, 1936, 1938, 1944); Ginkgo biloba 
(Hewcomer, 1939); Pinus strobus and P. resinosa (Duffield 
& Snow, 1941). Johnson (1943)» working with species of 
Pinus and Picea, found that at +2° C, the relative humidity 
which ensured longest pollen viability was in the range 50% 
to 75% for five different species of Pinus, and 10% to 75% 
for Picea abies and P. glauca. He says of this result 
"That relative humidities of the order of 50% to 75% should 
provide optimum storage conditions for pollen is perhaps 
surprising, since for many years it had been popularly 
supposed that pollen should be stored under relatively dry
conditions". Similarly, Duffield (1954) found that 25% 
relative humidity at 0° C and +5^ 0 provided the best 
conditions for storing pollen of seven different species 
of Pinus. Marcet (1951) obtained good results by storing 
pollen of Pinus silvestris at 50% relative humidity and 
+5° C for twenty months.
There are several records of successful storage 
of pollen at temperatures below 0° C, e.g., Vitis vinifera 
at -12° G (Olmo, 1942); Pyrus malus and P. communis at 
-55^ 0 to 50° C (Antles, 1951); Lupinus polyphyllus at 
-180° G (Bredemann et al., 1947); Pyrus communis, 
Rhododendron catawbiense and Lycopersicum esculentum at 
-190° C (Visser, 1955).
Recently, Ehrenberg (I960) stored pollen of Pinus 
silvestris and P. contorta in sealed ampoules at three 
different temperatures, room temperature, +4° C and -18° G, 
after pre-drying it for "some" weeks at 0% relative 
humidity and +4° C. The pollen stored at room temperature 
lost its viability after twelve months. At the lower 
temperatures, however, the viability decreased slowly but 
was still high after six years. Pollination experiments 
showed that three-year old pollen stored at -18° C was more 
effective than pollen stored at +4° C.
Ho record has been found of any previous invest-
igation into pollen storage in any species of Ce drus 
Tsup;a or Chamae cyp ari s.
Method.
The pollen of Cedrus at1antica (Cd 1) was used 
for most of the experiments. Freshly collected pollen was 
stored in 10 c.c. vials stoppered loosely with cotton wool 
and kept in the laboratory for one month before it was 
subjected to the different storage conditions. Pollen 
was then stored, in the dark, at four different temperatures 
(-18° C, 0° C, +5° 0 and normally fluctuating room temp­
erature), and seven different relative humidities which were 
obtained in one of two ways; for relative humidities of 
10%, 25%, 50% and 75%? sulphuric acid solutions of given 
concentrations were used (Loomis and Shull, 1937; McLean & 
Cook, 1941); and for relative humidities of 32%, 35% and 
45%, saturated aqueous solutions of certain salts were used 
(Zacharel, 1956; Teitell, 1958). In addition, some pollen 
samples were stored under ordinary room temperature and 
relative humidity.
Germination tests were made at the beginning- of 
pollen storage and then at regular intervals of one month 
until July, 1961, using the agar-disc technique. The various 
samples of pollen were dusted on the agar-suerose discs.
and the culture dishes were incubated at 25° C for 72 hours. 
Results.
The results of the monthly germination tests of 
Cedrus atlantica pollen stored under the different conditions 
of temperature and relative humidity are presented as graphs 
in Figs. (44- - 51) and in Tables (66 - 73). These show 
that Ce drus pollen can be stored at a wide range of temp­
eratures and relative humidities without much loss of 
viability. Indeed, at relative humidities 32% and 35% at 
the lower temperatures, there appears to be a slight increase 
in viability for several months (Figs. 4-6 and 47; Tables 68 
and 69). However, at -18° C at the highest and lowest relative 
humidities, viability of pollen was considerably reduced 
(Figs. 44 and 50; Tables 66 and 72).
Pollen stored under the uncontrolled and varying 
conditions of the laboratory showed a gradual loss in 
viability which finally dropped to zero by the end of the 
seventh month (Fig. 51; Table 73).
The rapid loss of viability shown at room temp­
erature and 45% relative humidity, which is very similar to 
that at room temperature and uncontrolled relative humidity 
(compare Figs. 48 and 51), is difficult to explain.
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III. Pollen in the female cone.
In the female cone, the pollen of Cedrus remains 
dormant for a period of about eight months. Many experiments 
were devised in an attempt to find out whether this dormancy 
was due to a direct effect of temperature or to other causes. 
Although most of them were not successful, the following 
seem worth reporting.
In the first experiment, ten open-pollinated Cd 1 
young female cones were detached, one month after pollin­
ation, their ovuliferous scales were forced open,, and the 
cones were placed in 50 c.c. distilled water. They were 
shaken with an electric shalcer for five minutes, and the 
liquid containing the pollen grains was decanted and then 
filtered. The pollen grains formed a thin film on the 
filter paper. They were allowed to dry at room temperature 
and then were plated on agar-sucrose discs in the usual way, 
and incubated at 25^ C for ?2 hours. As a control experi­
ment, a mixture of pollen from three trees was treated in 
the same way. In both samples, the percentage of germin­
ation and mean tube length v/ere estimated, and the results 
are shown in Table (51). The number of pollen grains 
extracted from the ten cones was found to be at least 
5,230, and of these only 189 germinated.
Table $1.
Pollen Germ­
ination
m.t.l.
*
Percentage of classes of 
pollen tube lengths
(%) 1 2 3 4 5 6
Pollen extracted 
from female cones 3.6 185 30 29 23 12 6
Control 74.0 279 5 22 31 25 15 2
* For the classes of pollen tube lengths see page 163.
In the second experiment, two young female cones 
of Cd 1, artificially pollinated with Cd 5 pollen, were 
detached three months after pollination, v/ith small parts 
of the branches upon v/hich they were borne. They were 
placed in distilled water in small beakers in an incubator 
at 25^ C for 72 hours, in an attempt to induce pollen germ­
ination. They were then fixed in FAA, embedded in paraffin 
wax, sectioned and stained. Examination showed that 
comparatively few pollen grains remained after this treat­
ment. In one of the cones, about sixty grains were counted. 
Most of the pollen grains were swollen but ungerminated, 
and contained an undivided generative cell. In only a few 
of them had the body and stalk cells been formed. A single 
germinated pollen grain with a short pollen tube (36 in 
length), and containing a body and stalk cells, was found in
the micropyle of one of the ovules.
No definite conclusion can he drawn from these 
experiments, hut they perhaps suggest that the direct 
effect of temperature, shown by the experiments in vitro, 
can only operate if the pollen grains are mature and ready 
to germinate.
Further experiments are needed to establish this.
Table Cedrus atlantica, Cd.l. Germination of pollen in water 
and sucrose solutions of different concentrations at
25° C for 72 hours
Media
Bm'st- Germ- Percentage of classes of pollen
ination m.t.l. --------- tube lengths--------ing
i.%) ($) (m) 3 4 5 6 7 8 9  10
Tap water 
Aq. dest. 
0.5^ sucrose 
Vfo sucrose 
2^ sucrose 
sucrose 
sucrose 
10^ sucrose
0 0 -  -  -  -  -
90 50 74 76 24 -  -
90 58 101 49 51 - -
85  58 10 53 5 -
70 56 117 48 46 6
53 62 129 21 70 9 -
40 68 175 25 25 50 -
69 213 12 27 50 11
Key for the classes of pollen tube lengths in Cedrus atlantica:
(1) 1 - 100 )x (8) = 701 — 800 yx.
(2) = 101 - 200 (9) 801 — 900 yx
(3) = 201 - 300 ;i (10) 901 - 1000 }X
(4) = 301 — 400 jx (11) = 1001 - 1100 >.1
(5) 401 - 500 )X (12) = 1101 - 1200 }x
(6) = 501 - 600 (13) = 1201 - 1300 }X
(7) 601 - 700 yi
Table Cedrus atlantica, Cd 1. Germination of pollen on
agar-sucrose media at 25  ^C for 72 hours.
Media Germ­
ination
(^ )
m.t.l.
(m )
2 %  agar 56 46
2^0 agar - 1 ^ sucrose 46 212
2F/0 agar - 2-ÿo sucrose 62 278
2/b agar - 3 sucrose 74 312
2%  agar - 7^ sucrose 80 369
2^0 agar — 10 sucrose 86 4oi
2^  agar - 12-^ 0 sucrose 86 383
2^0 agar - 13 ^ sucrose 86 375
2%  agar - 20 sucrose 82 290
2P/o agar - 30 $ sucrose 68 94
2/0 agar - 40 ^ sucrose 14 19
2%  agar — 30 ^ sucrose 0
lengths
5 6 7 8 9 10
94 6 -  -  -  - -  - -
10 35 38 17
- l8 38 42 2 - - - -
- 10 28 52 10 - - - -
2 18 47 25 8 - - -
- 13 35 43 6 3 - -
- 16 43 33 8 - - -
- - 14 32 29 3 - - -
- 13 42 37 8 - - - -
36 44 - - - - -  - -
100 -  -  -  -  - -  - -
Table Cedrus atlantica. Gd 1. Germination of pollen on agar-
sucrose medium at 20° C, (Pollen stored for four months
at +5° C and 32?o E.H.).
Time Germ- m.t.l. Percentage of classes of pollen tube lenghts
ination -------------------------------------------------
(hours)
()U) 1 2 3 4 5 6 7 8 9 10 11 12 13
12 0 - - - - - - - - - - - - - -
24 0 - - - - - - - - - - - - - -
36 5 10 100 - - -  - -  - -  - -  - -  -
48 40 22 100 - - -  - -  - -  - -  - -  -
60 65 55 95 5 - - - - - - - - - - -
72 72 168 18 49 30 3 - - - - - - - -  -
84 74 259 1 21 49 26 3 - - - - - - -  -
96 74 334 - 9 25 44 17 5 - - - - - -  -
108 74 421 - 1 11 29 38 17 4 - - - - -  -
120 74 539 - - - 9 34 23 27 7 - - - - -
132 74 628 - - - 1 15 24 32 22 5 1 - - -
144 74 638 - - - 2 9 26 33 23 6 1 - - -
156 74 646 - - - 5 13 17 27 24 12 2 - - -
Table Cedrus atlantica, Cd 1. Germination of pollen on agar-
sucrose medium at 25^ C. (Pollen stored for four months
at +5° C and 32$^  R.H.)
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
(hours)
xnauxon
{%) (4) 1 2 3 4 3 6 7 8 9 10 11 12 13
12 0 —
24 8 10 100
36 28 19 100
48 82 125 43 40 16 1
60 84 244 6 26 38 28 2
72 86 427 - - 13 22 43 19 3
84 86 597 - - - 7 13 26 36 16 2 - - - -
96 86 679 - - - 2 4 13 36 29 13 - — - -
108 86 756 - - - - 1 7 19 46 14 11 2 - -
120 86 867 - — - — 1 2 8 22 19 33 13 2 -
132 86 917 - - - - - 3 8 18 18 29 18 6 -
144 86 937 1 3 6 20 38 22 8 -
156 86 951 8 23 36 20 11 —
168 86 903* 4 3 16 18 23 30 2 -
*  rnThe culture begins to dry up,
Table Cedrus atlantica, Cd 1. Germination of pollen on agar-
sucrose medium at 30^ C. (Pollen stored for four months
at +5° C and 325s E.H.).
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
ination
(hours) (%) (jü) 1 2 3 4 5 6 7 8 9  10 11 12 13
12 0 -
24 20 30
36 44 46
48 84 230
60 86 324
72 86 333
84 86 685
96 86 784
108 86 872
120 86 902
132 86 932
144 86 903
156 86 896
100
100
11 26 39 20 4 -
6 10 19 36 27 2
- 1 3 10 24 29
- 2 3 15
4
1
26 7
29 40 11 - - - -
16 33 19 22 1 - -
2 20 32 29 10 3 -
3 14 33 30 12 7 -
4 13 16 33 23 7 1
2 7 40 30 13 - -
4 20 23 33 19 1 —
The cultures begin to dry up.
Table Cedrus atlantica, Cd. 1. Germination of pollen on agar-
sucrose medium at 33° C. (Pollen stored for four months
at +5° C and E.H.).
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
ination
(hours) (.%) (ju) 1 2 3 4 5 6 7 8 9 10 11 12 13
100 
100
30 42 28
8 33 43 16
4 16 45 27
12 0 -
24 20 22
36 40 30
48 56 148
60 58 217
72 58 369
84 60 434
96 60 491
108 60 366
120 60 638
132 60 662
144 60 663
156 60 632
8
41 22 2
43 27 13 1
22 42 34 2
4 21 48 22 2 — - — —
1 16 36 24 3 — — — —
3 19 41 29 3 1 - — —
3 21 30 24 1 1 _  _  _
The culture begins to dr-y up.
Table Cedrus atlantica, Cd 1. Germination of pollen
on agar-sucrose medium a t 35° C, 30° C, 25° C 
and 20° C. (P o lle n  s to re d  fo r  fo u r months a t 
+5° C and 32% R .H .)
}ime
lours)
35° C 30° C 25° C 20° C
% m . t . l . % m#t» 1»
()!)
% m# t  • 1 »
()!)
% m#
12 0 — 0 — 0 - 0 —
24 20 22 20 30 8 10 0 —
36 40 30 44 46 28 19 5 10
48 56 148 84 230 82 125 40 22
60 58 217 86 324 84 244 65 55
72 58 369 86 533 86 427 72 168
84 60 434 86 685 86 597 74 259
96 60 491 86 784 86 679 74 334
108 60 566 86 872 86 756 74 421
120 60 638 86 902 86 867 74 539
132 60 662 86 932, 86 917 74 628
144 60 663 86 905 86 937 74 638
156 60 652 86 896 86 951 74 646
168 M l 86 903 —
Table Tsupia canadensis, T 100. Germination of pollen on agar-
sucrose medium at 20° C.
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
(hours)
inarxon
(% ) ()i) 1 2 3 4 3 6 7 8 9 10 11 12 13
24 0 -
36 0 - -
48 2 44 100
60 20 82 76 16 8
72 48 151 32 40 23 3
84 60 194 15 43 29 9 4
96 62 279 12 15 22 36 13 2
108 64 404 3 11 14 18 23 13 12 2
120 64 583 - - 3 3 14 20 26 23 7 - - - -
132 64 695 - - - - 3 14 48 19 8 3 2 1 -
144 64 746 - - - - 1 11 32 29 13 9 - 3 2
Key for the classes of pollen tube lengths in Tsuga canadensis:
(1) = 1 - 100 p (6) = 501 - 600 p. (11) = 1001 - 1100 M
(2) = 101 - 200 ]X (7) = 601 - 700 p (12) = 1101 - 1200 p
(3) = 201 - 300 p (8) = 701 - 800 p (13) = 1201 - 1300 p
(4) = 501 - 400 p (9) = 8oi - 900 p
(5) = 4)1 - 500 p (10) = 901 - 1000 p
Table Tsup:a canadensis, T 100. Germination of pollen on agar-
sucrose medium at C.
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
(hours)
inauion
1 2 3 4 3 6 7 8 9 10 11 12 13
24 0 -
36 2 32 100
48 24 103 63 21 16
60 56 235 3 30 49 17 - - 1 - - - - - -
72 72 345 - 8 24 43 14 6 3
84 72 496 - - 3 15 36 29 13 4
96 72 639 - - - - 13 24 29 24 3 3 - - —
108 72 677 - - - - 9 12 39 30 3 3 2 - -
120 72 765 - - - - 3 11 14 37 19 9 3 2 -
132 72 821 4 11 33 28 13 3 3 1
144 72 828 - - - - - 3 13 32 23 13 7 4 1
Table Tsuga canadensis, T 100. Germination of pollen on agar-
sucrose medium at 30  ^C.
Time Germ- m.t.l. Percentage of classes of pollen tube lengths 
ination
(hours) (f^) (p) 1 2 3 4 5 6 7 8 9 10 11 12 13
100 -  - -  - -  - -  - -  - -  -
72 28 - - -  - -  - -  - -  - -
4 1 3 6 3 - - - - - - - - - -
24 15 52
36 32 78
48 56 212
60 58 333
72 67 447
84 67 520
96 67 599
108 67 660
120 67 679
132 67 701
144 67 717
35 21 4
18 41 23 7
11 40 27 17 8
- 13 41 28 12 4 —  —  —  —
- 9 19 43 27 5 —  —  —  —
- 3 11 48 30 8 —  —  —  —
- 3 4 44 37 12 —  — — —
8 37 41 10 3 - 1 -
Table Tsuga canadensis, T 100. Germination of pollen on
agar-sucrose medium at 33° C.
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
ination
(hours) ($) (ju) 1 2 3 4 5 6 7 8 9 10 11 12 13
24 1 36 100
36 32 57 93 7
48 52 l40 11 83 4
60 52 157 4 83 11
72 52 194 3 33 4l 3
84 52 237 - 30 33 17
96 52 239 - 35 41 24
lo8 52 242 - 27 34 19
120 52
*
24o - 27 56 17
132 52 208* - 31 40 9
144 _ _
After 108 hours, the culture begins to dry up, and this causes the 
pollen tubes to shrink.
Table Tsuga canadensis» T 100. G erm ination o f 
p o lle n  on agar-sucrose medium a t 35° C, 50° C, 
25° C and 20° C.
Time 55° C 50° 0 25° c 20° C
(h o u rs ) % m . t . l .
w
% m . t . l .
()i)
% m. t  » 1.
(yu)
% m . t . l .
(yn)
24 1 56 15 52 0 — 0 —
56 52 57 52 78 2 52 0 -
48 52 140 56 212 24 105 2 44
60 52 157 58 555 56 255 20 82
72 52 194 67 447 72 545 48 151
84 52 257 67 520 72 496 60 194
96 52 259 67 599 72 659 62 279
108 52 242 67 660 72 677 64 404
120 52 240 67 679 72 765 64 585
132 52 208 67 701 72 821 64 695
144 - 67 717 72 828 64 746
Table Tsup:a canadensis* Germination of pollen on 
agar-sucrose medium at 25^ C for 72 hours.
Tree
Number
Germination
(%)
m.t.l.
(>x)
Percentage of 
pollen tube
classes of 
lengths
1 2 5 4 5 6 7
T 100 72 345 - 8 24 45 14 6 5
T 101 80 350 - 17 20 25 28 10 2
T 102 52 575 - 18 22 56 25 8 5
T 104 52 551 — 9 28 51 17 15 -
T 106 55 552 - 14 27 50 21 8 -
T 112 60 545 — 11 24 41 15 7 4
T 120 78 576 - 10 16 51 29 9 5
T 121 74 514 — 11 59 50 15 5 -
T 122 72 559 — 6 28 52 25 7 4
Table Pinus silvestris* P 132. Germination of pollen on
agar-sucrose media at 23  ^C for 72 hours.
Media Germ- m.t.l. Percentage of classes of pollen tube
ination lengths
(^) (^) -----------------------------------------
1 2 3 4 3 6 7 8 9  10
2^  agar - 1 % sucrose 85 52 48 50 2
2^  agar - sucrose 88 55 43 54 5
2?b agar - 3 sucrose 90 67 29 57 14
2$  agar - sucrose 92 81 14 59 27
2go agar - 10 % sucrose 92 84 9 64 27
2% agar - 15 % sucrose 92 80 12 66 22
2^  agar - 20 % sucrose 78 54 46 50 4
2F/q agar - 30 $ sucrose 65 29 100
2F/0 agar - 40 % sucrose 4 15 100
2^  agar - 50 % sucrose 0
mTable H n u s  s i Ive s  t r i  s . P 152. G erm ina tion  o f
p o lle n  on agar-sucrose  medium a t 20° C.
Time Germ- m . t . l .  Percentage o f c lasses  o f p o lle n  tube
in a t io n ________ ________________ le n g th s__________________
(hours) % (p) 1 2 3 4 5 6 7 8 9 10
12 0 -  -
24 26 15 100 - - - - - - - -  -
36 36 25 100 - - - - - - - -  -
48 74 27 94 6 - - - - - - -  -
60 80 51 88 12 -  - -  - -  - -  -
72 86 48 61 55 5 1 - - - - -  -
84 90 65 55 55 12 - - - - - -  -
96 90 75 27 50 20 5 - - - - -  -
108 90 98 5 51 58 6 -  - -  - -  -
120 90 100 5 49 42 6 - - - - -  -
152 90 105 _ 48 48 4 - - - - -  -
144 90 105 _ 48 47 5 - - - - -  -
Key f o r  th e  c la sse s  o f p o lle n  tube le n g th s  in  P jnus s i lv e s t r is
(1 )=  I  -  50 pi (5 ) = 201 -  250 pi (8 ) = 551 -  400 pi
(2 )=  51 -  100 pi (6 ) = 251 -  500 pi (9 ) = 401 -  450 pi
(3 )=  101 -  150 pi (7 ) = 501 -  550 pi (10 ) = 451 -  500 pi
(4 )=  151 -  200 pi
MTable U n u s  silvestris, P 152. Germination of
pollen on agar-sucrose medium at 25° C.
Time Germ- m.t.l. Percentage of classes of pollen tube
ination lengths
(hours) (%) (pi) -
8 9 10
12 15 12 100 -  -  -  -
24 55 25 100 -  -  -  -
56 52 50 90 10 -  -  -
48 90 54 85 12 5
60 90 55 55 54 15 -  -
72 92 64 47 52 18 5 -
84 92 80 28 40 26 6 -
96 92 94 6 54 56 4 -
108 92 115 2 57 45 12 4
120 92 119 1 29 55 16 1
152 92 122 -  26 55 19 -
144 92 124 -  25 56 20 1
mTable P inus s i lv e s t r is , P 152. G erm ina tion  o f
p o lle n  on aga r-sucrose  medium a t 30° C.
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube 
in a t io n  le n g th s
(h o u rs ) (%) (pi)
8 9 10
12 36 15 100 -  -  -  -  -
24 68 28 95 5
36 70 35 83 15 2 -  -  -
48 92 58 58 21 18 2 1
60 92 95 15 45 31 8 3
72 92 115 9 29 41 15 6
84 92 124 7 20 46 22 5
96 92 139 1 17 42 33 7 -
108 92 150 1 11 47 23 13 5
120 92 151 -  6 49 34 10 1
132 92 151 -  4 57 27 7 5
144 92 153 -  1 55 34 6 4
JSû
Table H n u s  s i lv e s t r is , P 152. G erm ina tion  o f
p o lle n  on aga r-sucrose  medium a t 55° C.
Time Germ- m.t.l. Percentage of classes of pollen tube
ination lengths
(hours) (%) (pi) -
8 9 10
12 24 10 100
24 58 21 100 -  -  -
36 60 28 93 7 -  -
48 85 33 84 16 -  -
60 85 41 72 25 3 -
72 85 45 70 20 10
84 85 57 52 33 15 -
96 85 66 46 27 26 1
108 85 90 23 30 41 6
120 85 95 18 30 46 6
132 85 100 16 27 48 9
144 85 97 15 40 32 12
Table Pinus silvestris, P 152. Germination of
pollen on agar-sucrose medium at 20° 0» 25° C,
50° C and 35° G.
?ime
lours)
20° C 25° c 30° C 35° c
% m.t.l.
(pi)
% m. 1.1.
(pi)
% m.t.l.
(pi)
% m.t.l.
(pi)
12 0 - 15 12 36 15 24 10
24 26 13 35 25 68 28 58 21
36 36 25 52 30 70 35 60 28
48 74 27 90 34 92 58 85 33
60 80 31 90 55 92 95 85 41
72 86 48 92 64 92 115 85 45
84 90 65 92 80 92 124 85 57
96 90 75 92 94 92 139 85 66
108 90 98 92 115 92 150 85 90
120 90 100 92 119 92 151 85 95
132 90 103 92 122 92 151 85 100
144 90 103 92 124 92 151 85 97
j n
Table U n u s  s i lv e s t r is . G erm ina tion  o f p o lle n  
on aga r-sucrose  medium a t 25°  C f o r  ?2 hours
Tree Germ- 
Number in a t io n
(%)
m . t . l .  Percentage o f c la sse s  o f p o lle n  tube
le n g th s
1 2 5 4 5 6 7 8 9 10
P 150 
P 151 
P 152 
P 153 
P 154 
P 155
82
88
92
90
81
89
58 45 45 7 4
69 34 51 9 6
64 47 32 18 3
58 45 48 8 1
64 36 53 9 2
63 38 44 17 1
Table
yes
Chamaecyparis la w so n ia na . Ch 55» G erm ina tion  
o f p o lle n  on. aga r-sucrose  medium a t 20° C,
25° C, 30° G and 35° C.
Time 20° G 25°  G 30° G 35° G
(h o u rs ) % m. 1 .1 .
(pi)
% m. 1 .1.
(pi)
% m. t . l .
(pi)
% m .t .1.
(pi)
12 6 28 24 28 25 32 4 28
24 15 34 40 38 48 43 10 32
36 26 51 53 65 65 74 16 38
48 38 66 75 104 82 108 25 38
60 44 118 84 147 87 159 32 38
72 50 142 85 158 87 192 32 41
84 52 169 85 182 87 216 32 44
96 52 173 85 217 87 243 32 4-5
108 52 182 85 239 87 236 32 4-7
120 52 185 85 232 87 224 32 50
Key for the classes of the pollen tube lengths in Ghamaecyparis 
lawsoniana:
(1) = 1 - 25 pi (5) = 101 - 125 pi
(2 ) = 26 -  50 pi (6 ) = 126 -  150 pi
(3 ) = 51 -  75 pi (7 ) = 151 -  175 pi
(4 ) = 76 -  100 pi (8 ) = 176 -  200 pi
(9 ) = 201 -  225 pi 
(1 0 ) = 226 -  250 pi
Table Cbamaecyparis lawsoniana. Germination of 
pollen on agar-sucrose medium at 25° C for 
72 hours.
Tree 
Number
Germ- m.t.l. 
ination
Percentage of classes of pollen tube 
lengths
K/o)
1 2 3 4 5 6 7 8 9 10
Ch 52 90 150 — - - 2 9 32 45 10 2 -
Oh 53 83 143 - - — 13 15 28 29 11 4 -
Ch 54 92 134 - — — 4 42 28 18 6 2 —
Ch 55 85 158 - - — 3 8 25 37 19 8 —
Ch 56 86 138 — - - 7 24 34 31 5 — -
Ch 57 86 151 - - - 3 13 42 24 15 3 -
Ch 59 80 140 — — - 8 17 38 31 6 - —
Ch 61 99 154 - — — 2 10 32 30 20 6 -
Ch 62 89 156 - - - 2 5 36 38 15 4. -
Ch 72 95 146 - - — 12 12 26 33 10 7 -
Ch 81 85 154 - — - 9 13 23 25 22 8 -
Ch 82 85 148 - - - 4 14 41 27 11 3 -
Ch 85 95 152 - - - 3 11 27 40 13 6 -
Ch 91 90 141 — - - 7 17 39 30 5 2 —
Ch 92 92 140 - - - 2 26 42 24 6 - -
Ch 93 92 139 - - - 12 19 31 29 7 2 -
Ch 94 98 132 — — - 9 43 26 16 6 - -
Ch 95 98 129 — — - 14 38 26 16 6 — —
CHROMOSOiviE liUMBBR Æ D  MORPHOLOGY.
During the course of the present study on pollin­
ation and seed setting in Gedrus atlantica, Pinus silvestris, 
Tsuga canadensis and Ghamaecyparis lawsoniana, it was 
decided that an investigation of their chromosome number 
and morphology as well as the behaviour of their chromosomes 
at meiosis and mitosis was desirable for the following 
reasons :
(1) - Although some cytological investigations have been
made on these four Gonifer species (Sax & Sax, 1935; 
Pahmy, 1951; Mehra & Ehoshoo, 1956a; Mergen & 
Hovotny, 1957; Aass, 1957; Ratarajan et al., 1961), 
none of these investigations deals with Gonifers 
growing in England.
(2) - Since artificial hybridization proved to be possible
between Gedrus atlantica, G. libani and G. deodara, 
an examination of their karyotypes, and of the 
behaviour of their chromosomes at meiosis and mitosis 
might be of value.
(3) - Artificial germination tests of pollen have shown that
the percentage of germination is always high (more 
than 80%) in Cedrus atlantica, 0. libani, C. deodara, 
U n u s  silvestris and Ghamaecyparis lawsoniana, and 
comparatively low (52 - 78%) in Tsuga canadensis. A 
study of the meiotic divisions in these species might 
give information about possible cytological causes of 
such variability.
Material and Methods.
Somatic chromosomes*
Somatic chromosomes were studied in preparations 
of root-tip cells of newly germinated seeds. Seeds of 
Gonifers are not easy to germinate, and the method of Dunlap 
& McDonnell (1939) was tried. This consists in filling 
small flower pots (4 inches) with fairly coarse clean sand 
which has been partially sterilized by v/ashing it in hot 
water. The seeds are spread over the surface and covered 
with a thin layer of sand. The pots are then thoroughly 
wetted and placed in about an inch of water in a shallow 
container. The water should be deep enough to make contact 
with the bottom of the sand in the pot. This method v/as 
completely successful with seeds of Pinus silvestris where 
more than 90% of the seeds germinated after two to three 
weeks. On the other hand, only about 5%' of the seeds of
Qedrus atlantica, C. libani and C. deodar a and 1% of the 
seeds of Chamaecyparis 1 awsoniana germinated.
In order to overcome this difficulty, the seeds 
of the three Cedrus species and those of Ghamaecyparis 
lawsoniana were soaked in distilled water at +5^ G for two 
weeks, changing the water three times weekly. This method 
was used by Rudolf (1950) as a "short-cut substitute" for 
the standard cold "stratification" of seeds. The latter 
method, which is used in most forest experiment stations of 
the v/orld to overcome the "internal dormancy" of the seeds 
of many forest trees, consists of placing the seeds for one 
to three months in moist sand or peat at temperatures a 
little above freezing point. More than 70% of the seeds 
of the Gedrus species, and about 50% of those of Tsuga 
canadensis and Ghamaecyparis lav/soniana germinated using 
RudoIf’s method.
The chromosomes of Gonifers are long and slender, 
and are crov/ded at metaphase in the equatorial plane of a 
relatively narrov/ achromatic figure, with their arms usually 
oriented more or less at right angles. This makes it very 
difficult to analyze the chromosome complements in microtome 
sections of the root-tips.
Previous investigators like Sax & Sax (1955),
Sax & Beal (1954) and Plory (1936) used physical pressure
on the cells of the macerated somatic tissue to scatter the 
cliromosomes and give clear preparations. At that time, 
nothing was known of the effect of such chemicals as 
colchicine and 8-oxyquinoline.
In the present investigation, the following 
pretreatments were tried on the root-tips, either before or 
after detachment from the plant:
(a) - Pretreatment with colchicine solutions (0.1 - 0.25%)
at room temperature for 2 - 6  hours.
(b) - Pre treatment v/ith 0.002 mol/1 aqueous solution of
8-oxyquinoline at room temperature for four hours.
(Tjio & Levan, 1950).
(c) - Pre treatment with a saturated solution of -mono-
bromonaphthalene for four hours at room temperature
(C) ' Mai?a, ]LC)4.8).
(d) - Keeping the cut root-tips in distilled water for two
hours at 0*^  0 (Warmke, 1946).
The best results were obtained after pre treatment 
of root-tips, while they were attached to the plant, with 
0.1% colchicine solution for four hours. In addition to 
contracting and shortening the chromosomes considerably, 
colchicine inhibits the spindle and thus helps to spread 
the chromosomes.
Pre treated root-tips v/ere fixed in 3:1 alcohol-
acetic for 12-24 hours, and then stored in 75% alcohol.
For staining, the following methods were used:
(1) - The Feulgen-squash method (Darlington & La Cour, I960).
(2) - The acetic-orcein squash method (Tjio & Levan, 1950).
(3) - The acetic-lacmoid squash method (Darlington &
La Cour, I960).
(4) - The acetocarmine squash method (Warmke, 1955)*
In the Feulgen-squash method, which proved to be 
the best, it was found necessary to extend the time of 
hydrolysis to 20 - 25 minutes in order to secure good 
maceration of the meristematic tissue, and to extend the 
time of staining to 5 - 6 hours; otherv/ise , the chromosomes 
were only faintly stained. In certain cases,, however, faint 
staining was corrected by squashing the Feulgen-stained 
root-tips in a drop of acetic-orcein.
Meiotic chromosomes.
Meiotic chromosomes were studied in pollen mother- 
cells. Two methods were used for malcing the preparations:
(1) - The young male cones were fixed in 3:1 alcohol-
acetic for 12 - 24 hours, and then stained by the 
acetocarmine squash method of Darlington & La Cour 
(I960).
(2) - Pollen mother-cells were smeared over the surface of
chemically clean slides, fixed in Ravashin's fluid 
for 2 - 1 2  hours, washed thoroughly in running v/ater 
for 50 minutes and then stained with Feulgen.
Rumher and morphology of somatic chromosomes.
(1) - Cedrus atlantica.
The diploid chromosome number in C. atlantica, as 
determined from root-tip cells, is 24. All twelve pairs of 
chromosomes have submedian centric-constrictions. Three 
groups can be distinguished (Fig. 52):
(a) - Tv/o pairs of short chromosomes, 8 - 10 p. in length.
(b) - Six pairs of medium-sized chromosomes, 11 - 14 p in
length, of which three pairs have secondary 
constrictions.
(c) - Four pairs of fairly long chromosomes, 15 - 17 P- in
length.
The lengths of these chromosomes are, however, 
relative and depend on the method of pretreatment and the 
type of fixatives and stains used.
In spite of repeated attempts, it has not been 
possible to analyze the kaiyotypes of C. libani and C. deodara. 
The diploid chromosome number in both these species is, as 
expected, 24.
(2) - PLnus silvestris.
The diploid chromosome number in Pinus silvestris, 
as determined from root-tip cells, is 24. All the twelve 
pairs of chromosomes have median or submedian centric- 
constrictions. They can be divided into three groups 
(Pig. 55):
(a) - Pour pairs of short chromosomes, 7 - 10 p in length,
all with submedian centric-constrictions, and with 
no secondary constrictions.
(b) - Six pairs of medium-sized chromosomes, 11 - 15 p
in length; two pairs with median centric- 
constrictions, and the rest with submedian ones.
Of these chromosomes, three pairs have secondary 
constrictions.
(c) - Two pairs of fairly long chromosomes, 15 - 15 P  in
length, with submedian centric-constrictions. One 
pair of these chromosomes has secondary constrictions 
Many of the interphasic nuclei contain six to 
eight nucleoli. This probably means that all the chromosomes 
with secondary constrictions act as nucleolus-organizers.
(5) - Tsuga canadensis and Gharaaecyparis lawsoniana.
It has not been possible to make critical studies 
of the chromosome complements of T. canadensis and
G. lawsoniana in root-tip preparations. The diploid 
chromosome number of 2 n = 24 for the former and 2 n = 22 
for the latter has, hov/ever, been confirmed.
Meiotic divisions.
The meiotic divisions in the young male cones 
take place at different times in the four species of 
Conifers. In Cedrus atlantica, they occur in late July or 
early August. In BLnus silvestris and Tsuga canadensis, 
they are found during the last two weeks in March. In 
Ghamaecyparis lawsoniana, meiosis occurs about the last 
v;eek of January.
In P. silvestris and T. canadensis, meiotic 
divisions occur almost simultaneously in all the male cones 
of a tree, and not more than three or four days elapse 
between the first meiotic division and the formation of 
tetrads. On the other hand, in C. atlantica and 
C. lawsoniana, there is a considerable variation in the 
development of the young male cones on a tree. Male cones 
develop earlier on southerly aspects and at the bases of the 
trees, so that young male cones undergoing meiosis can be 
found for about two weeks or more on a given tree.
Meiosis in the pollen mother-cells of all four 
species appears to be perfectly normal, and there is no
indication of any chromosome irregularity. As expected, 
the haploid number of chromosomes in Cedrus atlantica,
U n u s  silvestris and Tsuga canadensis is 12, while that of 
Ghamaecyparis lawsoniana is 11 (Pigs. 54-b, 55a, b and c).
At early stages of prophase I, the chromosomes 
are too entangled and numerous to analyze the chromosome 
complements completely. At late diplotene, however, the 
bivalents are often sufficiently distinct for a critical 
study of chiasma formation. Chiasma frequency is rather 
low at late diplotene, and all chiasmata are interstitial 
(Pig. 54a). There is little terminaitzation of chiasmata 
between diplotene and metaphase I. In Tsuga canadensis, 
the chiasmata seem to remain stationary. Chiasma frequency 
at metaphase I is about two per bivalent in all the four 
species (Table 52).
Table 52. Chromosome number and chiasma frequencies.
Species n Chiasma frequency Chiasma frequency
at late diplotene at metaphase I
Cedrus atlantica 12 2.8 2.3
U n u s  silvestris 12 2.6 2.1
Tsuga canadensis 12 2.1 2.1
Ghamaecyparis
lawsoniana 11 2.9 2.2
Discussion.
Studies on the chromosome numbers of Gymnosperms 
date from the very early days of Cytology, but most of them 
are incidental to morphological and embryologieal studies. 
Comparatively few cytological investigations have been made 
in the Coniferales, and relatively little work has been 
done on the behaviour of their chromosomes at meiosis.
The work of Sax & Sax (1935) is perhaps the most comprehensive. 
These two authors investigated the chromosome number and 
morphology of 53 species belonging to 16 genera of the 
Conifers, together with the only surviving species of the 
Ginkgoales - Ginkgo biloba. This v/ork was followed a year 
later by an equally comprehensive one on all the genera of 
the Cycadales by Sax & Beal (1954).
As early as 1928, Tischler.puts forward the 
hypothesis that 12 is the basic chromosome number in all 
the Gymnosperms with the exception of one group, the 
Gnetales. Similarly, Sax &, Sax (I.e.) suggest that the 
original basic chromosome number for most Gymnosperms, 
apart from the Gnetales, is 12.
According to Plory (1956), there are three groups 
of chromosome numbers in the living Gymno sperms. The basic 
numbers are predominantly 8 or 9 for the Cycadales, 7 for 
the Gnetales, and 12 for the Ginkgoales and Coniferales.
He attributes the deviations from the basic numbers in these 
groups to elimination of one or several chromosomes following 
segmental interchange or polyploidy, and an increase in 
chromosome number resulting from chromosome fragmentation 
or chromosome duplication. Plory also reports that the 
chromosomes of species of Gymnosperms are much more uniform 
in number, size and general morphology than those in species 
of Angiosperms.
In the Unaceae, a basic number of 12 is reported 
for nearly all the genera: Abies (Sax & Sax, 1955; Mehra
& Khoshoo, 1956a); Cedrus (Sax & Sax, 1935; Mehra &
Khoshoo, 1956a; Pahmy, 1961); Keteleeria (Wang, 1948);
Larix (Sax, 1952; Sax & Sax, 1953; Larsen & Westergaard, 
1958) ; U n u s  (Sethi, 1928; Sax & Sax, 1955; Bowden, 1945; 
Mehra & Khoshoo, 1956a; Mergen & Novotny, 1957; Aass, 1957; 
Natarajan et al., 1961); Tsuga (Sax & Sax, 1955).
Deviations from the typical basic number are found in tv/o 
species, Pseudolarix amabilis (2 n = 44) and Pseudotsuga 
taxifolia (2 n = 26) (Sax & Sax, 1955).
In the Cupressaceae, the basic chromosome number 
in all the genera which have been investigated is 11:
Caliitris (Mehra & Khoshoo, 1956a); Chamaecyparis (Sax &
Sax, 1955; Kanezawa, 1951); Cupressus (Mehra & Khoshoo, 
1956a; Camara & de Jesus, 1946); Thuja (Sax & Sax, 1955;
Mehra & Ehoshoo, 1956a); Juniperus (Sax & Sax, 1933; Boss 
& Duncan, 194-9; Reese, 1954-; Mehra & Khoshoo, 1956a).
The closely related family Taxodiaceae also have a basic 
number of 11 (Sax & Sax, 1933; Sugihara, 194-1; Jensen & 
Levan, 194-1; Stebbins, 194-8). Sciadopitys (2 n = 20) is 
the only genus which differs (Tahara, 1937)# According to 
Sax & Sax (1933) and Rlory (1936), these two families, the 
Cupressaceae and the Taxodiaceae, seem to be similar not 
only in chromosome number but also in chromosome morphology.
The present investigation shows that the diploid 
chromosome numbers of C. atlantica, C. deodara, C. libani 
and Tsuga canadensis (2 n = 24-) and Chamaecyparis lawsoniana 
(2 n = 22) agree with the other records.
Sax & Sax (I.e.) have pointed out that, in the 
Unaceae, there is a considerable variation in chromosome 
morphology between certain genera, even in the same sub­
family. On the other hand, little or no variation is found 
betv/een diploid species of the same genus. All chromosomes 
of n n u s  are "approximately isobrachial". Cedrus differs 
from Id nus in possessing two "slightly more hétérobrachial" 
chromosomes. Ricea and Tsuga have similar chromosome 
morphology. In Abies, five of the twelve pairs of chromo­
somes are "distinctly isobrachial". Similarly, Mehra & 
lüioshoo (1956a) arrived at the same conclusions as regards
the constancy of the karyotype within a genus in the 
Conifers. Moreover, they consider the number and nature 
of secondary constrictions to be important characters in 
specific differentiation.
In the English material of Cedrus atlantica used 
in this investigation, all twelve pairs of somatic chromo­
somes are shovm to have submedian centric-constrictions.
Three pairs of the medium-sized chromosomes are characterized 
by having secondary constrictions. In a previous invest­
igation (Fahmy, 1951), using root-tips from seeds which had 
been collected from the trees growing naturally in their 
original habitats on Atlas Mountains in Algeria and Morocco, 
although the cliromosomes were exactly similar as regards 
length and the position of centric-constrictions, no 
secondary constrictions were found. The difficulties of 
cytological investigations into Conifer chromosomes have 
already been referred to, and one feels that further confirm­
atory work is needed before it can be certain that such 
differences in chromosome morphology betv/een the English and 
the Algerian and Moroccan materials, are constant ones. If 
they should prove to be so, then one might expect that more 
critical work would reveal other morphological differences 
between related Conifers.
A detailed analysis of the karyotypes of Ce drus
deodar a and C. libani has not been possible, so that the 
three Cedrus species can only be compared by reference to 
the very limited work of other authors on C. deodara and 
C. libani. These include for C. libani the work of Sax &
Sax (1933) who report that, in the developing endosperm 
cells, one of the chromosomes is "distinctly heterobraciiial" 
while the others are "approximately isobrachial". Similarly, 
in the developing female gametophyte of C. deodara, Mehra & 
Khoshoo (1956a) report that one of the chromosomes has a 
subterminal centric-constriction, while the rest have median 
or submedian ones. One of the latter chromosomes has a 
secondary constriction situated in the middle of one of the 
arms.
It would seem that the three species of Cedrus 
differ, therefore, only in such characters as the number and 
nature of secondary constrictions. However, definite 
conclusions can only be arrived at when the three species 
are investigated using the same technique. Such comparisons 
as can be made on their chromosome morphology are supported 
by the success of the artificial crosses made between them 
in the present investigation (cf. page ). Indeed, the 
taxonomic differences between these three "species" of 
Cedrus do not seem to reach the specific level, and many 
authors regard them as only "geographical forms" of one
yff
species (Hooker, 1862; Kent, 1900; Dallimore & Jackson, 
1923). Sir J.D. Hooker critically investigated the relation­
ship of the three Cedars in their original habitats in Mount 
Lebanon (Kedisha Valley), Mount Atlas and the Horth-West 
Himalaya, and the conclusion arrived at was "that as species 
the three Cedans cannot be distinguished, and that they must 
all have been derived from one common stock; nevertheless 
they may be regarded as three well-marked forms, which are 
usually very distinct but which often graduate into one 
another"•
Turning to RLnus si Ives tris grovdng in this 
locality, it is found that all the chromosomes have either 
median or submedian centric-constrictions; and four pairs 
of these have secondary constrictions. This confirms the 
findings of Hatarajan et al. (1961) who made a karyotype 
analysis of the somatic chromosomes in root-tip cells of 
P. siIvestris growing in Sweden, and found that they all 
have median centric-constrictions. Five pairs of these 
chromosomes have secondary constrictions, of which one pair 
has distinct well separated satellite heads. Ho such 
satellited chromosomes were observed in the English material. 
The same karyotype was described by Aass (1957) tor an 
abnormal race of P. silvestris growing in southern Horway 
in the form of creeping shrubs and dwax'f trees with needles
shorter than normal,, as well as for P. silvestris sept­
entrional! s Schott, and P. silvestris lapponica (Pr.) Hartm. 
In all the plants, the chromosomes have "approximately 
median centromeres" and one pair has secondary constrictions. 
On the other hand. Sax & Sax (1953) reported that, in the 
developing endosperm cells of Pinus silvestris growing in 
the Arnold Arboretum (U.S.A.), one of the chromosomes is 
"somewhat hétérobrachial" and the others have "approximately 
median fiber attachment", but none of them has any secondary 
constrictions.
A comparison of the l<aryotypes of P. silvestris and 
C. atlantica, as might be expected, shows a greater degree 
of difference than that already described between the 
English and foreign materials of Cedrus. This is true for 
size of the chromosomes, position of centric-constrictions 
and number and position of secondary constrictions (Pigs.
52 and 53).
Meiosis has been shovm to be perfectly normal in 
all four species. Hence, no explanation can be given for 
the variability in the germination of pollen of Tsuga 
canadensis.
The meiotic chromosomes of Conifers have only 
rarely been investigated. Sax & Sax (1933), in the only 
comprehensive study which has been made, find a striking
Jlôl
similarity in the meiotic figures of the different species 
of Conifers they studied. According to these authors, the 
species within a genus have essentially the same chiasma 
frequencies and the differences found are probably not 
significant.
Ho previous records have been found of chiasma 
frequencies in Cedrus atlantica, Pinus silvestris and 
Chamaecyparis lawsoniana, and the results of the present 
investigation can only be compared, therefore, with those 
of allied species with which they are, on the whole, in 
line.
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Fig. 52. Cedrus atlantica. (a) Somatic chromo­
somes in root-tip cells, 2 n = 24. 
(Feulgen squash). (X 2250).
(h) their ideogram.
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ï'ig* 55. K n u s  silvestris. (a) somatic chromo­
somes in root-tip cells, 2 n = 24. 
(Feulgen squash). (X 2250).
(h) their ideogram.
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Fig. $4-. Cedrus atlantica. (a) late diplotene;
(b) Metaphase I in P.M.C., n = 12. 
(Acetocarmine squashes). (X 2250).
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Fig. 55. Metapbase I in P.M.G. of (a) Psuga canadensis, 
n = 12; (b) Pinus silvestris, n = 12;
(c) Chamaecyparis lawsoniana, n = 11.
(Feulgen Smears). (2 2250).
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DISCUSSION
Breeding; Mechanisms.
It has been claimed that outbreeding in 
monoecious Conifers is maintained, and self-pollination 
prevented, by two mechanisms, dichogamy and the relative 
position of male and female cones on the trees. Of all 
the trees of the four species in the present investigation 
only Cedrus atlantica showed evidence of dichogamy, once 
in 1961. Otherwise periods of pollen shedding and female 
cone receptivity overlapped, and self-pollination was 
perfectly possible. In none of them was the relative 
position of male and female cones a barrier to self- 
pollination. In Chamaecyparis lawsoniana and Tsuga 
canadensis, the female cones occupy terminal position on 
the branches, and are surrounded by large numbers of male 
cones; and in Cedrus atlantica and Pinus silvestris, 
there is an overlap in the male and female portions of 
the tree.
This investigation shows that outbreeding is
maintained in these four species by a complete or partial 
self-incompatibility. Both Cedrus atlantica and Tsuga 
canadensis are completely self-incompatible. In Cedrus, 
self-pollinated cones fail to develop; in Tsuga, they 
reach maturity but contain no full seeds. No previous 
work has been done on these two species, but there are 
other Conifers which seem to behave in the same way when 
self-pollinated. Larix laricina, like C. atlantica, does 
not yield any mature cones as a result of artificial self- 
pollination (Hatnitsky, 1934-). In Pseudotsuga menziesii 
(Allen, 194-2) and P. taxifolia (Duffield, 1950)» complete 
"self-sterility" is associated with complete parthenocony 
as in T# canadensis.
In Chamaecyparis lawsoniana individual trees 
behaved differently and sho?;ed a wide range of self­
incompatibility from complete to partial. In the first 
year (1961, a bad cone year), complete self-incompatibility 
was observed on four trees which bore male and female cones, 
All self-pollinated cones failed to develop. In the 
second year (1962, a good cone year), however, the 
situation was totally different. On each of six trees, 
a few of the self-pollinated cones reached maturity, but 
contained no full seeds. These six trees appear to be 
completely self-incompatible. Although the other six
:sloS
trees varied considerably in the amount of cone setting 
after self-pollination, some full seeds were always 
produced so it would seem that they are partially self­
incompatible.
The controlled pollination experiments made only 
once on one tree of Pinus silvestris suggest that here too 
self-pollination is partially successful. A low proportion 
of self-pollinated cones reached maturity and produced a 
few full seeds. This suggests the presence of partial 
self-incompatibility in this particular tree of Scots pine.
It is generally accepted among foresters that 
pines are self-sterile (Dorman, 1950). In P.. silvestris 
however, controlled self-fertilization was found to be 
possible to a varying degree (Dengler, 1932, 1939» 194-0; 
von Wettstein, 194-0; Johnson, 194-5; Plym Porshell, 1953; 
Ehrenberg & Simak, 1956). Certain trees are more fit for 
inbreeding than others (Plym Eorshell, I.e.). Whenever 
self-pollination was successful, the number of full seeds 
per cone was markedly lower than after cross-pollination 
or open-pollination, and the quality of seed inferior.
Other Pinus species believed to fall in the sa^ m,e 
category are: Eastern white pine, P. strobus L. (Johnson, 
194-5; Wright, 1953); slash pine, P. elliottii Engelm. 
(Mergen, 1954); Jeffrey pine, P. neffreyii Grev. et Balf.
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(Righter, 194-5); Austrian pine, P. nigra Arnold (Johnson, 
194-8); and Western white pine, P.. monticola Dougl.
(Bingham & Squillace, 1955)*
The experiments made by Dengler (1932) and 
Ehrenberg & Simak (1956) on Pinus silvestris have shown, 
like those on C. lawsoniana in the present investigation, 
that individual trees vary widely in the effects of self- 
pollination.
Eor the cross-pollinations, relatively few pollen 
parents were used except in G. lawsoni ana v/here eighteen 
trees were used as pollen parents and tv/elve as female 
parents. All the crosses were successful and in the 
majority of cases, they resulted in a higher cone and full 
seed setting than in open-pollinations. Thus, no cross­
incompatibility has been demonstrated in any of the four 
species.
The Nature of the Reaction.
(1) - Time and Site of the Reaction.
The results of the controlled pollination 
experiments made on the four species of Conifers have 
shown that in two of them self-pollen does not germinate 
at all in the female cones, while in the others, germ­
ination occurs but inhibition takes place at a later
'XiO
stage either v;hen the pollen tubes are growing in the 
nucellus or after they reach the embryo-sac. This 
behaviour suggests the presence of some sort of incomp­
atibility reaction which differs in its time of operation 
in the different species. It operates before pollen 
germinates in Cedrus atlantica and Tsuga canadensis, and 
after pollen germinates in Knus silvestris and Chamae­
cyparis lawsoniana.
Since no previous v/ork has been done on Conifers, 
it is only possible to compare the situation in these 
species with that in Angio sperms. In Angi os perms too, 
there is a wide range in the site of the reaction. 
Inhibition can occur either on the stigma before pollen 
germinates, or in the style or in the ovary after pollen 
germinates.
(a) - Before pollen germinates.
In C. atlantica, self-pollinated cones fail to 
develop and fall off the tree while pollen is still un­
germinated and adhering to the inner wall of the micropyle. 
In T. canadensis, v/here pollen is caught by the cone- 
scales, self-pollen does not germinate. In both species, 
therefore, any incompatibility reaction must take place 
before pollen germinates. There are instances in the 
Angio sperms in which the incompatibility reaction takes
place before the pollen germinates, e.g., in Capsella 
grandiflora (Riley, 1936), Brassica oleracea (Sears, 1937)» 
Parthenium argentatum (Gerstel & Riner, 1930), Raphanus 
raphinastrum (Kroh, 1956) and R. sativus (Oelke, 1957)*
This early inhibition of pollen seems to be characteristic 
of certain families of flowering plants such as the 
Cruciferae, Compositae and Gramineae (Bateman, 1955; 
Bundquist, 1956; Brewbaker & Majumder, 1961).
(b) - After pollen germinates.
This investigation has shown that, in K n u s  
silvestris, self-pollen germinates on the nucellus of 
the ovules. It presents cytological evidence that the 
inhibition of some pollen tubes takes place in the nucellar 
tissue before they reach the female gametophyte. Most 
pollen tubes, however, survive to reach the archegonia, 
and any inhibition must take place in the embryo-sac 
during the pre- or post-fertilization stages.
In Chamaecyparis lawsoni ana, in 1961 which was a 
bad cone year, all self-pollinated cones failed to develop, 
and it appeared that the reaction occurred before pollen 
germinated. But for the bulk of experiments in 1962, 
the situation is like that in P. silvestris in that pollen 
grains germinate and pollen tubes grow in the nucellar
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tissue. The fate of these tubes differs. Some of them 
are inhibited during their growth in the nucellus, but most 
of them grow in an apparently normal way and reach the 
female gametophyte. Male cells were seen in the archegonia 
very near the egg-cells, but the actual fusion between the 
male and female nuclei was not observed. In the later 
stages of development, proembryos and embryo complexes 
were formed. Inhibition could, therefore, have taken 
place in the embryo-sacs either before fertilization so 
that syngainy does not occur, or after fertilization so 
that development of the proembryos or young embryos is 
stopped.
Late pollen-tube inhibition occurs also in the 
Angiosperms, either during the growth of the pollen tubes 
in the style or at a later stage when they reach the embryo- 
sac. The first type is the most frequent and has been 
recorded in Nicotiana (East & MangeIsdorf, 1926),
Oenothera organensis (Emerson, 194-0), Trifolium pratense 
(Williams, 194-7). It seems to be characteristic of a large 
number of families of flowering plants, e.g., Rosaceae, 
Scrophulariaceae, Solanaceae (Brewbaker & Majumder, 1961).
In Angiosperms, inhibition of the pollen tubes in 
the embryo-sac is much less frequent. It was first 
discovered in Gasteria verrucosa (Sears, 1937) which the
incompatible pollen tubes grow at the same rate as the 
compatible ones, reach the ovary and fertilize the primary 
endosperm nucleus, but do not fertilize the egg-nucleus. 
Ledeboer &, Rietsema (1957) have described a case of ster­
ility in Rib es nigra which seems to be very similar to the 
Gasteria type. Similarly, in Theobroma cacao. Cope (1958) 
and Knight & Rogers (1955) found another example of 
fertilization failure in which the male nucleus fails to 
fuse with the polar nuclei to form the endosperm. In the 
same species. Cope (1958) found that "in all cases of self- 
and cross-incompatibility, a proportion of fertilized 
ovules shows non-fusion between the egg nucleus and first 
male gamete and between the polar nuclei and second male 
gamete; the remaining ovules show normal fusion". He found 
three main types of self-incompatible trees wherein the 
proportion of "non-fusion" ovules is 25%» 50% or close to 
or actually 100%.
In Gasteria, Ribes and Theobroma, the in­
compatibility reaction is a pre-fertilization one. No 
zygotes or embryos are formed. In Medieago sativa, however, 
Brink & Cooper (1939) reported a phenomenon of frequent 
occurrence, in which the ovules collapse during the early 
stages of post-fertilization development, "particularly 
after self-pollination". They referred to this phenomenon
as "somatoplastic sterility", since the collapse follows 
abnormal growth and hyper-plasia of the somatic tissues 
adjacent to the embryo-sac. Except for these abnormal 
grov;ths, this phenomenon resembles the post-fertilization 
inhibition of embryo-sacs wliich occurs frequently in 
C. lawsoni ana, and in v/hich the self-pollinated ovules 
collapse during the early stages of embryo-development.
A distinct relationship has been discovered in 
Angio sperms between the cytology of the pollen grain and 
the site of inhibition (Brev/baker, 1957» 1959; Brewbaker 
& Majumder, 1961). In those species where the pollen is 
shed in the trinucleate condition (and thus after the 
division of the generative cell) inhibition was found to 
occur at the stigmatic site; while in those in which the 
pollen is binucleate at shedding inhibition takes place in 
the pollen tube or in the ovary. Brewbaker & Majumder (I.e.) 
state that "Although the data are meagre, it may be 
speculated that the incompatibility inhibition of binucleate 
types is in some way time-controlled by the second mitosis".
Although the Conifer pollen grains differ in 
their cytology from those of the Angiosperms, it may be 
significant that in Cedrus and Tsuga, where self-incomp­
atibility inhibition takes place before pollen germinates, 
the body-cell and stalk-cell are already formed from the
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generative cell; while in K n u s  and Chamaecyparis, in which 
inhibition talces place at a later stage in the nucellus or 
embryo-sac, the generative cell divides only after pollen 
germinates.
In Angiosperms, viable seeds are often produced 
naturally in normally self-incompatible species by self- 
pollination at the end of the flowering season when it is 
assumed that the incompatibility reaction is weak. Viable 
seeds have also been produced experimentally by self- 
pollinating in the bud stage. These phenomena are referred 
to as "end-of-season fertility" and "bud-fertility" 
respectively (East, 1934*; Stout, 1938).
The production of a few full seeds in self­
pollinated cones on six trees of Chamaecyparis lawsoniana 
in 1962, might conceivably be due.to similar phenomena.
In the controlled self-pollination experiments, female 
cones at different stages of development were pollinated 
at the same time. Although the experiment was timed so 
that most of them received pollen when they were in the 
receptive stage it is likely that some of them may have 
received it earlier than this and others later when their 
pollination drops had dried. Eurther experiments are needed 
to determine whether, in fact, such early or late self- 
pollination does overcome the incompatibility reaction
21Q
which seems normally to he present.
(2) - The Control of the Reaction.
No previous work has been done on the problem of 
self-incompatibility in Conifers, and although the present 
investigation demonstrates its occurrence in four species, 
it gives no direct evidence as to how the reaction is 
controlled. Until one has found cross-incompatibility 
and investigated the way it is inherited, one cannot hope 
to know what the genetic background is. One can, however, 
speculate on the systems which might be in operation in 
the Conifers. Known systems in Angiosperms can be 
classified both on the genetic control and on the 
physiology of the mechanism. Physiologically tv;o systems 
are recognized: complementary and oppositional. The
complementary system depends upon the combination of 
unlike gene products in pollen and style to produce either 
a necessary stimulant for pollen-tube growth or an anti­
dote to an inhibitor already present in pollen. The 
oppositional system, on the other hand, depends upon the 
combination of like gene products from pollen and style to 
produce an inhibitor of pollen-tube growth. Bast (1929) was 
the first to postulate the anti gen-antibody reaction to 
explain this system, the pollen producing the antigen and
the style the antibody. In the oppositional system, the 
genetic control is normally by a series of multiple 
allelomorphs which act in such a way that pollen carrying 
any one allelomorph is inhibited in stylar tissue v/hich 
contains a similar one. In the complementary system, on 
the other hand, control depends on a much smaller number 
of allelomorphs. In the oppositional system, pollen 
normally germinates readily in vitro; this is not so in 
the complementary system.
Two things suggest that, in all four species of 
Conifers, one might expect the system controlling self­
incompatibility to be oppositional rather than complementary 
The first is that pollen germinates readily in vitro, and 
so there is no need to postulate an inhibition which has 
to be overcome in compatible crossings. The second is 
that if incompatibility is controlled by a large multiple 
allelomorphic series, cross-incompatibility is unlikely to 
be demonstrated unless many more pollen parents were used 
than was possible in this investigation.
Since they are so different, the four species 
are considered in three groups.
In C. atlantica, self-pollinated and unpollinated 
cones fail to develop, and it would seem, therefore, that 
the presence of compatible pollen, although it does not
germinate for eight months, must he necessary for the 
survival of the cones during the long period that elapses 
between pollination and fertilization. In this species, 
any explanation of an incompatibility reaction must talce 
into account the long period of dormancy which pollen 
undergoes. It is difficult to know exactly what prevents 
the germination of pollen during this period.
Freshly collected pollen grains show a very low 
percentage of germination in vitro. In most of these 
grains the generative cell is still undivided. On the 
other hand, in pollen stored under the uncontrolled and 
variable conditions of the laboratory for about three weeks, 
the generative cell is found to have divided, and this 
pollen readily germinates in vitro at 18^ G and temperatures 
above it. This suggests that pollen is shed in an immature 
condition.
It has been demonstrated in the present invest­
igation that most of the pollen grains, after three months 
in the female cones, are in the same cytological condition 
as freshly shed pollen. This may explain their non­
germination in vitro for at least the first part of the 
period since one would expect maturation to be slower at 
the lower temperatures in nature.
It seems likely that the direct effect of
temperature may play some part in producing the long 
period of pollen dormancy. Since pollen does not germinate 
in vitro at 15^ C or temperatures below it, it is not 
likely to germinate in vivo inside the female cone in 
winter at temperatures, v/hich though not certainly known, 
are obviously likely to be much lower than 16^ C. It may 
be significant that v/hen dormancy is broken in summer, the 
outside air temperature is the same or higher than that 
necessary for pollen germination in vitro.
More information is obviously needed before one 
can explain why self-pollinated cones fail to develop, and 
v/hat, if any, incompatibility mechanism is in operation.
It seems likely that compatible pollen must provide some­
thing necessary for the survival of the female cones during 
winter and for their subsequent development - possibly in 
the nature of a hormone. The failure of the self-pollin­
ated cones, as well as the unpollinated ones, v/ould then 
be due to a lack of this. It does not seem necessary to 
postulate any inhibitory mechanism unless it is one that 
keeps the pollen dormant, and other explanations have 
already been offered for this.
The situation in Tsuga canadensis is different 
from that in the other three species. The pollen here is 
caught by the cone-scales. Compatible pollen within a
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certain radius of the ovules germinates in situ after six 
to eight weeks and grows towards the micropyles of the 
ovules, while self-pollen does not germinate whatever its 
position on the ovuliferous and bract scales. Tsuga 
pollen germinates readily in vitro at temperatures similar 
to those operating in vivo, so it seems reasonable to 
deduce that here incompatible pollen is inhibited from 
germination. One could then explain the non-germination 
of compatible pollen, lodged more than a certain distance 
from the ovules,, by assuming that all pollen is inhibited 
by the cone-scales and that in compatible pollinations, 
this inhibition is overcome within a certain radius of 
the ovules.
In Chamaecyparis lawsoni ana and Pinus silvestris, 
all compatible and incompatible pollen grains germinate, 
and the pollen tubes pierce their way through the massive 
nucellar tissue. Inhibition of self-pollen tubes takes 
place in either the nucellus or the embryo-sacs. In 
Angiosperms, when inhibition takes place during germination 
of the pollen, the compatible pollen tubes generally grow 
considerably faster than the incompatible ones. One would 
like to know whether a similar behaviour occurs in 
Conifers, but this is a thing which is very difficult to 
determine since in Conifers, the growth of pollen tubes in
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vivi is an extremely slow process. In C. lawsoniana, 
the pollen tubes talces about eight weeks to reach the 
female gametophyte. In P# siIvestris where the situation 
is more complicated, the pollen tubes cover about one 
third of the distance to the embryo-sac in four months.
They then stop completely for about six months, and resume 
growth in the following spring v/hen they cover the 
remaining distance in three months. Although the thickness 
of the nucellus in Conifers is not comparable to the length 
of the style in Angiosperms, this long period of time would 
certainly afford opportunity for any incompatibility 
reaction to take place.
Any explanation of self-incompatibility in 
P. si Ives tris and G. lawsonlana must talce account of the 
fact that pollen grains germinate readily in vitro to 
produce, v/ithin ?2 hours, pollen tubes as long or longer 
than those in the ovules.- The available evidence gives 
no clue other than that the reaction is likely to be 
oppositional rather than complementary.
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SUMiARY.
(1) - Controlled self-, cross- and open pollinations
were made in Cedrns atlantica. Tsng:a canadensis.
Pinus silvestris and Chamaecyoaris lawsoniana. and 
the cone and seed setting estimated.
(2) - One tree of 0. atlantica is shown to he completely
self-incompatible; no self-pollinated cones 
develop.
(5) - Two trees of T. canadensis are shown to be completely 
self-incompatible; self-pollinated cones, as well 
as unpollinated ones, develop in an apparently 
normal way and reach maturity but contain no full 
seeds. Here incompatibility is associated with 
parthenocony.
(4) - One tree of P. silvestris is shown to be only
partially self-incompatible; a low proportion of 
self-pollinated cones reach maturity and produce a 
few full seeds.
(5) - Twelve trees of C. lawsoniana show individual
differences and self-incompatibility may be either
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partial or complete. In each of six trees, a few 
self-pollinated cones reach maturity hut contain 
no full seeds. These trees appear to be completely 
self-incompatible. Although the other six trees 
vary considerably in the amount of cone setting 
after self-pollination, a few full seeds are always 
produced, so it would seem that these trees are 
partially self-incompatible.
(6) - Cross-pollinations in the four species are always
successful and usually result in a higher cone and 
full seed setting than open-pollinations. Cross­
incompatibility has never been demonstrated.
(7) - Cytological investigations show that in C. atlantica
and T. canadensis, self-pollen does not germinate at 
all in the female cones, while in P. silvestris and
C. lawsoniana germination occurs, but inhibition 
takes place at a later stage either when the pollen 
tubes are growing in the nucellus or after they 
reach the embryo-sac.
(8) - As soon as pollen is shed in T. canadensis.
P. silvestris and 0. lawsoniana. it germinates 
readily at 18^ C and higher temperatures; in
C. atlantica. pollen germinates readily only after 
three weeks' storage. Maximum germination and
pollen-tube growth occurs in all four species 
between 25^ C and 30^ C. It is shown for C . atlantica 
that pollen can be stored at a considerable range of 
temperatures and relative humidities without much 
loss of viability.
(9) - Chromosome counts given for the four species are in 
line with previous work.
(10) - The nature of the incompatibility reaction is
discussed, and it is suggested that in all four 
species the reaction is more likely to be 
oppositional rather than complementary.
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APPENDIX,
2i8
Table 43. Cedrus libani, Cd 2. Germination of pollen
on agar-sucrose medium at 25° C.
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube  
1n a tio n  le n g th s
(h o u rs ) % (p.) 1 2 3 4 5 6 7 8 9  10
12 0 -  _ _ _ _ _ _ _ _ _ _
24 15 15 100 - - - - - - - -  -
56 50 21 100 -  - -  - -  - -  - -
48 82 94 5 6 4 4 - - - - - - - -
60 82 227 2 35 46 17 - - - - -  -
72 86 555 -  4 25 45 24 6 -  -  -
84 86 465 -  -  7 25 29 26 15 -  -  -
96 86 501 -  -  2 10 48 21 15 6 -  -
108 86 664 _ _ _ _ 10 12 41 29 7 1
120 86 656 -  -  -  1 10 11 46 24 8 -
2 ^ 9
Table • Cedrus atlantica, Cd 5* Germination of
pollen on agar-sucrose medium at 25° C.
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube 
in a t io n  le n g th s
(h o u rs ) % ( ; j) 1 2 3 4 5 6 7 8 9 10
12 0
24 0
36 12 19 100
48 60 84 66 34
60 70 226 3 36 43 16
72 79 353 6 23 42 20 9 -
84 80 428 10 30 39 14 7
96 80 545 5 27 44 16 8
108 80 657 ## 8 17 42 26 7
120 80 657 6 19 40 32 3
Table 45', Ce drus deodar a , Cd 6 , G erm ina tion  o f p o lle n
on agar-sucrose  medium a t 25° C.
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube 
in a t io n  le n g th s
(h o u rs ) % (u ) 1 2 3 4 5 6 7 8 9  10
12 0 -  - - - - - - - - - -
24 5 10 100 - - - - - - - -  -
36 32 20 100 - - - - - - - -  -
48 84 71 79 21 -  - -  - -  - -  -
60 88 196 7 45 43 5 - - - - - -
72 89 323 -  12 22 47 19 -  -  -  -  -
84 89 403 -  -  14 39 31 12 4 -  -
96 89 544 -  -  1 5 27 40 20 7 -
108 89 645 -  -  -  1 6 22 47 16 7 1
120 89 646 -  -  -  -  11 22 36 23 7 1
2-lf/
Table SC . Cedrus libani. Cd 8. Germination of pollen
on agar-sucrose medium at 25° C.
Time Germ- m . t . l .  Percentage o f c lasses o f p o lle n  tube  
in a t io n    le n g th s
(h o u rs ) fo (u ) 1 2 3 4 5 6 7 8 9 10
12 0 -  -  - -  - -  - -  - -  -
24 5 13 100 - - - - - - - -  -
36 20 18 100 -  - -  - -  - -  - -
48 40 91 59 41 - - - - - - -  -
60 74 209 9 34 47 10 - - - - -  -
72 90 515 -  12 39 28 14 7 -  -  -  -
84 90 423 -  -  21 23 29 18 7 2 -  -
96 90 542 5 6 23 42 16 8 -
108 90 616 - - -  5 9 24 41 19 2 -
120 90 614 -  -  -  1 13 29 38 16 3
2 4 2 -
Table 4 7  ' Cedrus a t la n t ic a . Cd 9« G erm ina tion  o f
p o lle n  on aga r-sucrose  medium a t 25° C.
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube 
in a t io n
(h o u rs ) % (?i) 1 2 3 4 5 6 7 8 9 10
12 0
24 0
36 4 19 100
48 48 69 89 19
60 74 148 16 73 8 3
72 85 304 10 43 25 12 5 mm
84 85 403 - 22 30 28 13 7
96 85 511 3 15 24 39 14 5
108 85 624 1 12 25 37 24 1
120 85 627 11 27 39 20 3 ••
^4 3
Table 5S. Cedrus a t la n t ic a . Cd 10. G erm ina tion  o f
p o lle n  on agax'-sucrose medium a t 25° 0 .
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube  
in a t io n  le n g th s
(h o u rs ) % (M) 1 2 3 4 5 6 7 8 9 10
12 0
24 0
36 12 17 100
48 68 76 74 26
60 68 186 8 58 24 10
72 88 502 mm 7 48 34 8 3 -
84 88 415 19 26 35 13 7
96 88 529 2 9 26 41 15 7
108 88 578 2 13 48 30 6 1
120 88 580 18 48 23 8 3 mm
2-44
Table Cedrus a t la n t ic a , Cd 11. G erm ina tion  o f
p o lle n  on aga r-sucrose  medium a t 25° C.
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube 
in a t io n  le n g th s
(h o u rs ) % (P ) 1 2 3 4 5 6 7 8 9 10
12 0
24 0 -
56 12 17 100
48 60 101 49 51
60 34 200 10 34 52 4 ••
72 86 523 10 31 39 16 4 mm
84 86 414 10 37 34 17 2
96 86 521 3 11 29 33 17 7
108 86 606 1 15 28 40 15 1
120 86 615 14 27 42 14 3
^^5
Table Ce d rus a t l  a n tic  a« Cd 12. G erm ina tion  o f
p o lle n  on aga r-sucrose  medium a t 25° C.
Time Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n  tube 
in a t io n  le n g th s
(h o u rs ) % (h ) 1 2 5 4 5 6 7 8 9 10
12 0
24- 24 15 100
36 62 25 100
48 88 122 28 72
60 92 258 1 16 57 26
72 92 598 9 40 45 6 -
84 92 508 8 56 46 10 «MH 4M» mm
96 92 616 - 2 13 25 43 17 2 mm
108 92 624 «w# 2 11 22 44 18 5
120 92 656 - 7 28 41 20 4
2-tf.ù.
Table Tswa canadensis. T 101. Gencinatioii of pollen on
agar-Bucros® medixun at 20° C.
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
ination
(hours) i.%) (p) 1 2 3 •’+ 5 6 7 8 9 10 U  12 13
24 0 -
36 0 -  - - - - - - - -  - - - - -
48 3 55 1 0 0 -  - - - - - - - - - - -
60 25 82 7 7 i5 9 -  _ _ - - - - - - -
72 36 154 24 53 18 5 -
84 52 202 16 41 23 15 5 - - - - -  * - -
96 68 287 3 16 45 19 U  6 - - - - - -  -
108 68 4o6 - 4 11 Zh 41 14 3 1 - - - - -
120 68 565 - 2 7 9 12 28 18 16 8 - - - -
132 68 656 - 2 - 5 9 12 36 16 15 5 - - -
144 68 721 - - 1 3 7 12 23 28 17 6 2 1 -
Table . Tfwca canadensi s. T 101. Gerr inatioa of pollen on
agar-sucrose medium at 25^  C.
Time Germ- m.t.l* Percentage of classes of pollen tube lengths
[hours)
inacion
(^ ) (4) 1 2 3 4 5 6 7 8 9 10 11 12 13
24 0
56 2 26 100
48 24 106 51 42 7
60 56 242 37 39 19 5
72 80 350 17 20 23 28 10 2
84 80 520 3 17 51 19 9 6 5 4 1 —
96 So 660 - 2 4 7 20 27 24 7 6 2 1 -
108 Bo 725 - 3 8 35 31 12 6 4 1
120 So 769 mt ' 5 11 15 33 13 12 10 1
132 80 795 - 1 7 13 23 28 17 6
144 80 811 1 6 9 15 16 24 12 10 2
Table ^3. Tsu^a canadensis. T 101. Germination of pollen on
agar-sucroGc medium at 30^ C.
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
ination . ...... . . ... ..... ..... . ...... ....... .
(hours) (^ ) (4) 1 2 3 4 5 6 7 8 9 10 11 12 13
24 15 59 100
36 40 98 57 38 5
48 48 194 3 54 39 4
60 72 330 9 31 35 21 4
72 72 450 5 19 51 21 4
84 72 549 1 13 16 43 13 11 3 -
96 72 594 «# 1 11 15 18 38 13 4 -
IDS 72 672 - 3 6 66 16 o✓ mm
120 72 697 11 37 46 6 mm mm
132 72 705 13 31 46 8 2
144 72 708 12 29 49 9 1
Table C^  . Tsuf?a canadensis. T 101. Germination of pollen on
agar-sucrose medium at 35*^  C.
Time Germ- m.t.l. Percentage of classes of pollen tube lengths
ination
(hours) (^ ) i}x) 1 2 3 4 3 6 7 8 9  10 11 12 13
24 3 37 100
36 36 66 90 10
48 44 142 13 82 5
60 45 150 12 76 12
72 45 182 3 62 35
84 45 226 4 22 68 6
96 45 230 4 22 64 10
108 45 234 mm 19 78 3
120 45 232* 23 72 5
132 45 206* 44 56
144
* The cultures begin to dry up
^■^o
Table ^ S'. Tswia canadensis. T 101. Germination of
pollen on agar-sucrose medium at 55° G, 50° C,
25° 0 and 20° C.
Time 55° c 50° C 25° C 20° C
(hours) % Cl*
(;a)
% XU* • 3. • 
i)X)
% m.t.l.
(71)
% m* t#l#
w
24 3 37 15 59 0 mm 0
56 56 66 40 98 2 26 0
48 44 142 48 194 24 106 5 55
60 45 150 72 550 56 242 25 82
72 45 182 72 450 80 550 56 154
84 45 226 72 549 80 520 52 202
96 45 250 72 594 80 660 68 287
108 45 254 72 672 80 725 68 406
120 45 252 72 697 80 769 68 565
152 45 206 72 705 80 795 68 656
144 72 708 80 811 68 721
2. S'/
Table ■ Cedrus atlantica. Cd 1« Germination of
pollen stored at 1(% R*H. and four different
temperatures»
Storage Storage Germ- m*t.l. Percentage of classes of
temp, months
ination
(%) (P)
pollen tube lengths
8
1 86 401 - 15 55 45 6 5
2 13 21 100
5 26 25 100
-18°G 4 34 62 88 12
5 28 60 90 10
6 28 58 92 8
7 23 55 85 15
8 18 43 97 5
1 86 401 13 55 45 6 5
2 73 140 28 55 16 1
3 72 147 26 53 19 2
0°C 4 72 190 9 46 41 4 mm
5 72 199 3 46 50 1
6 71 185 20 24 52 4 mm mm
7 70 155 18 59 25
8 70 105 51, 45 4
All germination tests of stored pollen were made on 
agai* — 10% sucrose medium at 25  ^^or 72 hours#
zSZ.
Table C(> c ontinued.
S torage S torage Germ- m . t . l .  Percentage o f c la sse s  o f
in a t io n  p o lle n  tube le n g th s
V  v7 liiJ J  $ \A /
1 2 5 4 5 6 7 8
1 86 401 15 55 45 6 5
2 74 185 5 57 56 2
5 74 197 6 46 45 5 mm
+5°c 4 74 252 7 20 57 56
5 74 289 - 2 64 28 5 1
6 69 240 - 30 50 20 -
7 67 159 19 57 20 4 mm
6 66 125 55 61 6
1 86 401 15 55 45 6 5
2 84 210 1 44 49 6
3 70 227 10 54 29 25 4
R .T. 4 62 229 6 24 55 15 - mm- mm
5 60 529 4 59 56 16 5 mm
6 59 245 17 71 12 mm
7 56 187 6 58 29 7 mm
8 56 164 25 43 29 5 1 - mm
ZS3
Table Cedfus atlantica» Cd 1. Gerrdnation of pollen
s to re d  a t 2%  R.H. and fo u r  d if fe r e n t  tem pera tu res,
S torage S torage Germ- m . t . l .  Percentage o f c la sse s  o f
in a t io n  p o lle n  tube le n g th s
laonrns k/o/
1 2 3 4 5 6 7 8
1 86 401 mm 13 35 43 6 3
2 58 100 50 50
3 70 129 28 65 7
-18°C 4 64 250 21 59 19 1
5 64 202 5 49 35 11
6 62 191 16 42 29 11 2
7 60 197 6 32 61 1
8 58 141 32 49 15 4
1 86 401 13 35 43 6 3 -
2 78 140 31 49 19 1 -
3 77 148 25 55 17 3
0°C 4 74 247 6 20 47 25 2
5 74 216 4 44 36 14 2 -
6 73 247 20 63 17
7 70 275 3 14 44 33 6
8 66 177 11 51 38 - mm
Table  ^7 continued.
Storage S torage Germ- m , t* l.  Percentage o f c lasses o f
in a t io n  p o lle n  tube le n g th s
T/ÜIIip* moiiT/Ufcj K/o) KV-)
1 2 5 4 5 6 7 8
1 86 401 13 35 43 6 3
2 78 160 26 42 28 4 mm
3 78 169 18 51 25 6
+5°c 4 78 214 4 41 42 13 mm
5 76 224 3 35 48 13 1 mm
6 74 256 30 38 28 4
7 70 283 1 12 44 39 4
8 68 265 2 18 49 25 6 mm
1 86 401 13 35 45 6 3 mm
2 81 230 44 35 18 3
3 77 246 11 23 32 27 7
R.T. 4 76 309 1 18 33 26 13 9
5 72 335 5 29 44 20 2
6 68 392 4 15 37 23 21
7 62 367 6 18 32 41 3
8 60 367 5 27 28 28 10 2
Z.S'S
Table S . Cedrus atlantiea, Cd 1. Germination of pollen
s to re d  a t 32 f E .H . and fo u r  d if fe r e n t  tem pera tu res
S torage S torage Germ- m . t . l .  Percentage o f c la sse s  o f
in a t io n  p o lle n  tube le n g th s
iuoxiT-ns
1 2 3 4 5 6 7 8
1 86 401 13 35 45 6 3
2 76 185 8 51 39 2
5 77 195 7 53 28 12
-18°C 4 80 531 11 33 31 15 9 1
5 80 382 5 19 29 35 10 2 mm
6 88 338 7 23 48 19 3
7 90 300 8 16 24 30 14 8
8 90 285 4 19 33 30 10 4
1 86 401 13 35 45 6 3
2 80 300 14 32 46 6 2 -
3 85 323 2 13 26 33 21 5
0°C 4 84 348 5 24 41 28 2
5 85 472 — 3 19 35 39 4
6 86 425 3 9 22 48 12 6
7 90 404 mm 4 13 27 37 19
8 90 349 10 16 46 21 7
Table continued.
\
Storaf^e S torage Germ- m . t . l .
in a t io n
Percentac;e o f c la sse s  o f 
p o lle n  tube le n g h ts ,'.
bemp. iDonunB VPJ
1 2 3 4 5 6 7 8
1 86 401 — 13 35 43 6 3
2 80 361 4 21 41 28 6
3 84 430 1 13 21 38 24 3
+5°C 4 86 427 13 22 43 19 3
5 88 409 5 13 19 46 15 2
6 90 350 1 12 57 26 4 mm
7 90 346 9 20 43 22 6
8 85 340 8 17 54 19 2
1 86 401 15 35 43 6 3
2 84 395 10 46 33 11 -
3 83 499 2 13 39 26 20
R .T. 4 81 482 3 5 8 37 37 8 2
5 80 477 — 5 24 26 38 9
6 80 411 - 8 36 45 9 2
7 68 402 5 11 26 45 14 -
8 62 355 7 21 40 26 6
Table Cedrus atlantlca. Cd 1. Germination of pollen
stored at 357^  R.H. and four different temperatures
S torage S torage Germ- m . t . l .  Percentage o f c la sse s  o f p o lle n
in a t io n  tube le n g th s
b0iXLp« monrns V/o) vp.)
1 2 3 4 5 6 7 8
1 36 401 — 13 35 43 6 3
2 71 198 5 48 41 6 — — -
3 73 207 14 36 32 15 3 -
-18°C 4 80 312 17 34 24 20 5
5 84 251 21 59 18 2
6 84 239 2 59 31 24 4
7 84 190 7 54 32 6 1
8 .34 188 6 53 38 3
1 86 401 - 13 35 43 6 3
2 82 350 2 7 22 29 33 2
5 90 446 6 25 36 23 8 —
0°C 4 92 527 4 10 17 48 16 5
5 92 470 3 16 46 28 7
6 92 423 4 33 49 14 -
7 92 396 5 11 34 35 13 2
8 92 575 6 9 49 28 8 >-
Table continued.
S torage Stox*age Germ- m . t . l .  Percentafje o f c la sse s  o f
in a t io n  p o lle n  tube lengtJos
montns 1%;
1 2 3 4 5 6 7 8
1 86 401 — 13 35 43 5 3
2 82 592 2 3.2 42 30 14
3 84 528 10 28 42 14 6
+5°G 4 86 469 6 13 45 28 8
5 88 452 4 22 46 24 4
5 88 410 mm — 11 31 47 9 2
7 84 379 7 16 30 35 12
8 82 333 1 7 25 46 23 mm -
1 86 401 13 35 43 6 3
2 80 380 6 12 42 26 14
3 78 498 5 11 29 43 10 2
R .T . 4 78 401 7 13 29 29 17 5
5 78 401 5 16 21 44 9 5 mm
6 78 401 2 54 36 7 1 mm
7 73 366 mm 4 16 45 50 5
8 64 302 mm 10 39 40 11
Table ^0. Cedrus atlantlca, Cd 1. Genrdnation, of pollen
stored at 45% E.H. and 4 different temperatures.
S torage S torage Germ­
in a t io n
m. 1 .1. Percentage o f G lasses o f 
p o lle n  tube le n g th s
temp. months (%) (p) 1 2 3 4 ✓ 6 7 8
1 86 401 13 35 43 6 3
2 70 225 1 32 58 9 — — -
3 73 238 3 35 36 25 3 - -
-1 8 °  C 4 81 266 3 28 28 32 9 — - -
5 81 373 - 2 19 39 36 2 2
6 83 368 1 20 46 26 7
7 82 312 14 31 37 15 3 -
8 72 309 12 30 45 13 «HU
1 86 401 13 35 43 6 3
2 82 250 26 54 19 1
3 80 276 4 18 51 39 8 mm
0° C 4 84 375 — 6 14 35 39 6
5 84 451 - 3 25 43 26 5
6 84- 477 - 5 17 33 36 9
7 84 435 3 6 22 44 22 3 mm
8 84 368 8 13 40 31 8
2.<l0
Table ^ 0  continued.
Storage Storage Germ- m.t.l. Percentage of classes of
ixiation pollen tube lengths
temp. montas 1/0) KP)
1 2 3 4 5 6 7 8
1 86 401 13 35 43 6 3 mm
2 79 399 10 43 35 12
3 84 440 ## mm 5 25 49 17 4
+5°G 4 85 459 mm mm 4 18 46 29 3
5 36 435 mm 12 18 47 19 4 •m
6 86 396 mm 2 14 28 48 a
7 84 346 mm 8 18 48 22 4
8 78 342 mm 7 22 43 28
1 86 401 mm mm 13 35 43 6 3 mm
2 85 396 8 47 36 9
3 82 389 mm 4 9 37 44 6
R»T» 4 68 269 4 20 42 21 13
5 60 246 5 21 47 27
6 32 154 26 48 22 4
7 10 69 81 19 -
8 0 0
Table . Cedrus atlantica. Cd 1. Germination of pollen
s to re d  a t 50% R.H. and fo u r  d if fe r e n t  tem pera tu res
S torage S torage Geria- m . t . l .  Percentage o f c la sse s  o f
in a t io n  p o lle n  tube le n g th s
uGnip* monrns \yo) Kpj
1 2 3 4 5 6 7 8
1 86 401 - 13 35 43 G 3
2 70 93 59 39 2
3 74 110 44 52 4 —
-18°C 4 76 232 4 34 41 13 3
5 72 280 6 14 42 22 14 2 mm
6 70 260 25 42 28 4 mm
7 64 257 30 45 14 10 1
8 60 202 7 44 39 10 -
1 86 401 , - mm 13 35 43 6 3
2 82 . 135 31 54 14 1 - Mr
3 80 145 16 74 9 1
0°C 4 80 306 - 16 26 39 13 4 -
5 80 324 15 20 44 18 3
6 76 272 IS 48 28 6
7 74 260 5 26 35 23 10 1
8 70 241 10 27 36 16 11 mm
Table continued.
Storage Storage Germ- m.t.l. Percentage of classes of
ination pollen tube lengths
b0inp« montns \lo) KP)
1 2 3 4 5 6 7 3
1 86 401 mm 13 35 43 6 5 -
2 83 135 6 53 41
3 82 205 3 50 38 7 r\CL
+5°C 4 82 256 21 58 15 6
5 80 343 5 24 49 17 5
6 75 320 6 44 30 14 6
7 75 305 3 13 29 59 13 3
8 70 285 8 17 29 27 16 3
1 86 401 — 13 35 43 6 3
2 85 275 17 45 34 4
3 82 288 6 25 20 27 18 4
R .T . 4 76 393 2 19 3^1- 29 12 4
5 74 423 4 6 30 41 11 a
6 72 405 mm MM 6 49 31 12 2
7 68 391 7 11 32 37 10 3
8 66 308 13 33 39 13 2
z6 3
Table ^2. Cedrus atlantica. Cd 1, Germination of pollen
stored at 75%’ E»H. and four different temperatures
S tora f;e  S torage Germ- m . t . l .  Percentage o f c la sse s  o f
in a t io n  p o lle n  tube le n g th s
temp, months (%) ( ; i) ...... ........................................
6 7 8
1 86 401 — — 13 35 43 6 3
2 15 21 100
3 24 30 100
-18°C 4 38 148 25 52 23
5 32 142 28 52 20
6 26 72 78 22
7 26 52 88 12
8 19 47 97 3
1 86 401 13 35 43 6 3
2 76 150 23 55 21 1
* 3 73 164 18 54 24 4
o°c 4 70 186 9 54 29 8
5 68 240 2 31 47 15 5 mm
6 68 194 1 56 41 2 mm
7 66 150 23 54 23
8 62 149 15 71 14 - mm
2^ Q Cp
Table continued.
Storaf-e Stox’af;e Germ- m.t.l. Percentage of classes of
ination pollen tube lengths
1 2 3 4 5 6 7 8
1 86 401 — 13 35 43 6 3
2 77 170 18 48 30 4
3 73 182 13 52 25 10 -
+5°C 4 72 202 7 41 45 7 «M»
5 69 290 3 17 23 51 6
6 69 281 13 50 31 6
7 64 247 4 32 34 23 7
8 60 176 7 62 29 2
1 86 401 13 35 43 6 3
2 75 190 3 56 39 2
3 68 205 15 34 34 15 2
R .T . 4 60 217 6 41 35 16 2
5 58 319 7 38 38 13 4
6 51 297 «Ml 4 51 39 6
7 38 284 16 45 28 11
8 38 267 7 18 37 27 11
2^ S'
Table 73. Cedrus atlantica, Cd 1. Germination of pollen
stored at room temperature and relative humidity,
S torage Germ­
in a tio n
m . t . l.  Percentage o f c la sse s  o f
p o lle n  tube le n g th s
on tns V/o) \P)
1 2 3 4 5 6 7 8
1 86 401 13 35 43 6 3
2 . 82 390 12 44 36 8
3 76 584 4 17 31 37 11
4 68 333 4 8 21 39 24 4
5 52 297 22 31 29 14 4
6 15 65 85 15
7 0 0
8 0 0
% <3 (S
Table Cedrus atlantica. Cd 1. Seed—setting in
o p e n -p o llin a te d  cones, 1961/1962.
Gone
Mo.
T o ta l Number 
number o f o f f u l l  
seeds seeds
Gone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 198 15 12 203 5
2 218 9 13 214 9
3 204 3 14 180 9
4 198 9 15 184 11
5 182 2 16 189 8
6 202 8 17 208 9
7 209 1 18 189 7
8 217 13 19 201 9
9 198 6 20 196 8
10 226 10 21 210 12
11 219 12
T o ta l number o f seeds = 4 ,2 4 5
Mean number o f tseeds p e r cone 202.1
T o ta l number o f f u l l  seeds S3 175
Mean number o f f u l l  seeds p e r cone 
P ercentage o f f u l l  seeds p e r cone
8 .3
4.1
Table /S'. Cedrus atlaatica. Cd 1. Seed-setting in
the intrasjxecific cross Od 1 x Cd 5»
1961/1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Gone
No.
T o ta l Number 
number o f o f f u l l  
seeds seeds
1 198 30 8 213 16
2 223 9 9 184 45
3 228 13 10 199 22
4 215 14 11 206 17
5 197 25 12 187 31
6 186 14 13 197 14
7 199 12 14 210 17
T o ta l number o f seeds = 2 ,842
Mean number o f f u l l  seeds 205 .0
T o ta l number o f f u l l  seeds 3 279
Mean number o f f u l l  seeds p e r cone S 19 .9
P ercentage o f f u l l  seeds p e r cone S9 9 ; 8
Z.(>8-
Table Cedrus atlaatica. Cd 1. Seed-setting in
th e  in te r s p e c if ic  c ro ss  Cd 1 x  Cd 6 , 
1961/1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l Number 
number o f o f f u l l  
seeds seeds
1 134 31 11 208 21
2 200 22 12 198 29
3 214 22 13 204 24
4 225 32 14 187 25
5 210 25 15 218 20
6 208 34 16 175 22
7 201 45 17 202 14
8 207 27 18 200 21
9 196 22 19 216 27
10 192 26
T o ta l number o f seeds = 3 ,845
Mean number o f iseeds p e r cone 202^4
T o ta l number o f f u l l  seeds 489
Mean number o f f u l l  seeds p e r cone 2 5 .7
P ercentage o f f u l l  seeds p e r cone s 12 .7
Table Cedrus atlaatica, Cd 1. Seed-settiïjg in
the interspecific cross Od 1 x Cd 8,
1961/1962.
Gone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 202 32 13 204 42
2 194 39 14 211 38
3 211 57 15 205 31
4 208 35 16 191 27
5 199 27 17 215 30
6 203 19 18 204 21
7 207 21 19 208 22
8 212 25 20 206 23
9 218 18 21 202 23
10 197 44 22 191 34
11 192 24 23 217 21
12 199 49
T o ta l number o f seeds 4 ,694
Mean number o f seeds 
T o ta l number o f f u l l  seeds 
Mean number o f f u l l  seeds p e r cone 
P ercentage o f f u l l  seeds p e r cone
204.1
700
30i4
14.9
I'^p
Table • Cedrus atlantica» Cd 1. Seed-setting in
tlie intraspecific cross Od 1 x Cd 9»
1961/1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l Number 
number o f o f f u l l  
seeds seeds
1 207 19 12 201 31
2 218 39 13 211 29
3 212 25 14 201 15
4 218 50 15 185 33
5 221 19 16 212 19
6 194 65 17 214 11
7 190 55 18 205 49
8 216 19 19 182 32
9 182 32 20 198 37
10 205 11 21 210 25
11 202 47
T o ta l number o f seeds =s 4 ,284
Mean :number o f iseeds p e r cone =s 204
T o ta l number o f f u l l  seeds 663
Mean number o f f u l l  seeds p e r cone =8 51 .6
P ercentage o f f u l l  seeds p e r cone SS 1 5 .4%
Table Oedrus atlantiea. Cd 1. Seed-setting in
th e  in tr a s p e c if ic  c ro ss  Cd 1 x  Cd 10, 
1961/1962.
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
1 215 25 14 214 32
2 233 21 15 197 58
3 208 23 16 207 23
4 206 14 17 209 65
5 186 6 18 195 48
6 195 14 19 194 13
7 196 46 20 184 15
8 190 25 21 202 12
9 215 26 22 196 22
10 201 39 23 207 51
11 211 16 24 187 42
12 202 24 25 203 46
13 228 23 26 206 45
T o ta l number o f seeds = 5 .287
Mean number o f seeds p e r cone 
TotsQ. number o f f u l l  seeds 
Mean number o f f u l l  seeds p e r cone 
P ercentage o f f u l l  seeds p e r cone
203.3
774
29.8
14.6
2^ 2.
Table BO. Cedrus a tla n tic a . Cd 1. S e e d -s e ttin g  in
th e in tra s p e c if ic c ro ss Cd 1 X Cd 11,
1961/1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l
number
seeds
o f
Number 
o f f u l l  
seeds
1 208 19 13 204 56
2 209 23 14 200 54
3 212 33 15 190 49
4 211 22 16 210 44
5 228 17 17 216 49
6 196 19 18 208 54
7 202 72 19 197 37
8 204 46 20 197 43
9 203 61 21 212 65
10 184 52 22 185 68
11 186 51 23 218 24
12 196 13 24 198 13
T o ta l number o f seeds s 4 ,872
Mean number o f seeds p e r cone =s 203
T o ta l number o f f u l l  seeds 982
Mean number o f f u l l  seeds p e r cone s 4 0 .9
P ercentage o f f u l l  seeds p e r cone as 20 .2
Table B1 . Cedrus atleaxtica. Od 1. Seed-setting in
th e in tra s p e c if ic c ro ss Cd 1 X Cd 12,
1961/1962.
T o ta l Number T o ta l Number
Cone number o f o f f u l l Cone number o f o f f u l l
No. seeds seeds No. seeds seeds
1 217 28 8 212 13
2 214 48 9 202 15
3 202 46 10 188 13
4 204 9 11 209 18
5 190 10 12 194 11
6 205 13 13 186 18
7 197 10
T o ta l number o f seeds => 2,,620
Mean number o f seeds p e r cone 201.5
T o ta l number o f f u l l  seeds = 252
Mean number o f f u l l  seeds per' cone s= 19 .4
P ercentage o f f u l l  seeds p e r cone 9 .6
2^^
Table  . Cedrus a t la n t ic a . Cd 1 . S e e d -s e ttin g  in
th e  c ro ss  Cd 1 x  one ye a r o ld  p o lle n  Cd 5»
1961/1962.
Cone T o ta l number 
Ho. o f seeds
Number o f 
f u l l  seeds
1 206 6
2 203 4
3 203 7
4 203 7
T o ta l number o f seeds 815
Mean, number o f seeds p e r cone ar 203 .8
T o ta l number o f f u l l  seeds 24
Mean number o f f u l l  seeds p e r cone = 6 .0
P ercentage o f f u l l  seeds p e r cone 5 2 .8
Table Tsuga canadensis. T 100.
Seed s e ttin g  in  s e lf-p o llin a te d  cones, 1962.
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 26 0
2 29 0
3 28 0
4 23 0
5 23 0
6 22 0
7 22 0
8 29 0
9 22 0
10 24 0
11 28 0
12 24 0
13 23 0
T o ta l number o f seeds
Mean number o f seeds pe r
14 22 0
15 23 0
16 29 0
17 23 0
18 23 0
19 22 0
20 26 0
21 24 0
22 30 0
23 28 0
24 24 0
25 21 0
T o ta l number o f m i l  seeds 
Mean number o f f u l l  seeds p e r cone 
P ercentage o f f u l l  seeds p e r cone
618
2 4 .7
0
0
0
Cone
No.
Seed s e ttin g  :
T o ta l Number 
number o f o f f u l l  
seeds seeds
1 29 0
2 25 0
3 22 0
4 21 0
5 27 0
6 26 0
7 24 0
8 28 0
9 30 0
10 27 0
11 21 0
12 29 0
15 22 0
T o ta l Humber 
Cone number o f o f f u l l  
No. seeds seeds
14 29 0
15 29 0
16 21 0
17 28 0
18 23 0
19 21 0
20 28 0
21 24 0
22 26 0
25 22 0
24 21 0
25 21 0
T o ta l number o f seeds = 624
i' • '
Mean number o f seeds p e r cone = 25*0
T o ta l number o f f u l l  seeds => 0
Mean number o f f u l l  seeds p e r cone = 0
Percentage of full seeds per cone => 0
Table fô". Tsuga canadensis. T 100.
Seed s e ttin g  in  u n p o llin a te d  cones, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 25 0 14 22 0
2 22 0 15 28 0
3 25 0 16 28 0
4 21 0 17 26 0
5 25 0 18 19 0
6 27 0 19 22 0
7 21 0 20 26 0
8 23 0 21 24 0
9 26 0 22 26 0
10 29 0 23 31 0
11 29 0 24 23 0
12 24 0 25 28 0
13 28 0
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
629
25.2
0
0
0
2 ^
Table Tsw?:a canadensis, T 100.
Seed s e ttin g  in  th e  c ro ss  T 100 x  T 101, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 21 12 14 22 12
2 20 10 15 25 10
3 28 10 16 31 9
4 28 11 17 28 9
5 24 6 18 29 5
6 30 9 19 25 11
7 29 9 20 25 8
8 25 15 21 24 12
9 24 8 22 31 9
10 23 9 23 22 8
11 23 8 24 25 10
12 24 7 25 25 8
13 21 7
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 630
= 25.2 
= 230 
9 .2  
= 3 6 .5
Table Tsuga canadeneis, T 100
Seed s e ttin g  in  th e  c ro ss  T 100 x  T 102, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 25 11 14 29 12
2 29 22 15 22 19
3 23 19 16 29 11
4 23 8 17 24 13
5 31 14 18 22 22
6 20 12 19 25 15
7 30 20 20 30 8
8 26 15 21 23 18
9 25 12 22 26 14
10 29 14 23 30 8
11 24 18 24 21 12
12 23 10 25 28 15
15 29 11
T o ta l number o f seeds =S 646
Mean number o f seeds p e r cone 3» 25*8
T o ta l number o f f u l l  seeds S= 353
Mean number o f f u l l  seeds p e r cone = 14 .1
P ercentage o f f u l l  seeds p e r icone =3 5 4 .6
Z8o
Table Tsuga canadensis, T 100.
Seed s e ttin g  in  th e  c ro ss  T 100 x  T 104, 1962,
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number
Cone number o f o f f u l l  
No. . seeds seeds
1 26 2 14 19 10
2 28 3 15 24 12
5 27 3 16 27 7
4 21 7 17 25 4
5 27 10 18 27 6
6 28 9 19 22 9
7 23 8 20 26 11
8 27 11 21 29 12
9 25 8 22 21 8
10 25 5 23 30 9
11 22 10 24 25 11
12 30 4 25 23 5
13 29 13
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone SS
656
2 5 .4
197
7 .9
5 1 .0
Z81
5le 5*7. Tsuga canadensis , T 100.
Seed 1setting in the cro ss T 100. X T 106, 1962.
Cone
No.
Total 
number o f 
seeds
Number 
of full 
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f full 
seeds
1 25 10 14 19 4
2 25 5 15 29 10
3 23 8 16 21 13
4 28 14 17 24 4
5 26 8 18 23 11
6 26 6 19 23 6
7 21 10 20 22 6
8 27 14 21 26 9
9 31 10 22 23 3
10 22 1 23 28 11
11 30 11 24 25 8
12 29 6 25 24 6
13 26 2
T o ta l number o f seeds » 626
Mean number o f seeds = 25«1
T o ta l number o f f u l l  seeds = 196
Mean number o f f u l l  seeds p e r cone = 7 .8
P ercentage o f f u l l  seeds p e r cone = 51*3
ZSZ
Seed s e ttin g  in th e  cross1 T 100 X  T 112, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 26 18 14 31 16
2 30 19 15 24 18
3 24 16 16 30 11
4 32 10 17 28 16
5 25 14 18 22 18
6 25 11 19 23 10
7 24 17 20 25 13
8 19 12 21 29 15
9 24 12 22 22 12
10 25 13 23 25 12
11 21 15 24 26 19
12 31 17 25 28 14
13 23 14
T o ta l number o f seeds = 642
Mean number o f seeds p e r cone = 25*7
T o ta l number o f f u l l  seeds = 362
Mean number o f f u l l  seeds p e r cone = 1 4 .5
P ercentage o f f u l l  seeds p e r cone = 5 6 .4
ZS5
Table Tsuga canadensis. T 101.
Seed s e ttin g  in  s e lf-p o llln a to d  cones, 1962.
T o ta l Number T o ta l Number
’ one
No.
number o f 
seeds
o f f u l l  
seeds
Cone
No.
number o f 
seeds
o f f u l l  
seedÆ
1 32 0 14 12 0
2 32 0 15 28 0
3 25 0 16 19 0
4 24 0 17 34 0
5 28 0 18 32 0
6 51 0 19 35 0
7 33 0 20 31 0
8 30 0 21 33 0
9 23 0 22 30 0
10 34 0 23 34 0
11 29 0 24 30 0
12 27 0 25 31 0
13 50 0
) ta l number o f seeds = 727
Mean number o f seeds p e r cone 
T o ta l number o f f u l l  seeds 
Mean number o f f u l l  seeds p e r cone 
P ercentage o f f u l l  seeds p e r cone
SS
29 .1
0
0
0
Table ‘7-2- Tsuga canadensis, T 101.
Seed setting in open-pollinated cones, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 29 8 14 26 11
2 32 3 15 35 3
3 31 9 16 29 11
4 27 15 17 30 11
5 29 5 18 29 12
6 32 7 19 32 6
7 25 8 20 35 27
8 30 14 21 29 10
9 31 2 22 28 6
10 29 6 23 32 12
11 30 1 24 33 6
12 32 7 25 28 20
13 31 23
T o ta l number o f seeds = 754
Mean number o f seeds p e r cone => 3 0 .2
T o ta l number o f f u l l  seeds = 245
Mean number o f f u l l  seeds p e r cone = 9 *7
P ercentage o f f u l l  seeds p e r cone = 3 2 .2
2SS
Table f J Tsuga canadensis, T 101.
Seed setting in unpollinated cones, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 30 0
2 31 0
5 34 0
4 50 0
5 52 0
6 25 0
7 28 0
8 28 0
9 31 0
10 26 0
11 30 0
12 24 0
13 24 0
T o ta l number o f seeds 
Mean number o f seeds per* <
14 32 0
15 29 0
16 27 0
17 30 0
18 30 0
19 26 0
20 25 0
21 31 0
22 34 0
23 28 0
24 26 0
25 30 0
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
721
2 8 .8
0
0
0
Table 9/- Tsuga canadensis. T 101.
Seed setting in the cross T 101 x T 100, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 32 25 14 27 11
2 31 21 15 31 12
5 27 21 16 34 20
4 32 21 17 27 7
5 33 12 18 27 10
6 30 26 19 29 17
7 29 12 20 28 14
8 30 26 21 26 17
9 30 18 22 29 9
10 29 16 23 25 11
11 30 23 24 25 16
12 31 24 25 32 12
13 30 11
T o ta l number o f seeds =5 734
Mean number o f seeds p e r cone 33 2 9 .4
T o ta l number o f f u l l  seeds = 410
Mean number o f f u l l  seeds p e r cone s: 16 .4
P ercentage o f f u l l  seeds p e r cone 33 55 .9
Cone
No.
Seed s e ttin g  in  th e  cro ss
T o ta l Number 
number o f o f f u l l  Cone 
seeds seeds No.
T 101 X T 102, 1962.
T o ta l Number 
number o f o f f u l l  
seeds seeds
1 32 11 14 32 11
2 28 9 15 51 12
3 31 3 16 30 8
4 28 4 17 30 12
5 30 6 18 33 15
6 32 4 19 31 6
7 31 18 20 30 8
8 25 16 21 32 10
9 35 9 22 31 15
10 35 10 23 52 13
11 24 13 24 29 5
12 32 11 25 30 7
13 29 10
T o ta l number o f seeds
Eîean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 763 
= 3 0 .5
= 246
9 .8  
=  32.2
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Table ■ Tsuga canadensis. T 101.
Seed s e ttin g  in  th e  c ro ss  T 101 x  T 104, 1962.
T o ta l Number 
Cone num ber' o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 31 25 14 31 18
2 32 20 15 26 13
3 26 18 16 32 19
4 31 14 17 32 23
5 30 16 18 29 19
6 29 21 19 25 14
7 29 12 20 33 19
8 32 18 21 31 17
9 31 15 22 30 15
10 50 19 23 30 18
11 28 16 24 26 15
12 30 21 25 32 20
13 33 22
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 749 
50.0 
= 447
= 17.9
= 59.7
Z8f
Table //• Tsuga canadensis, T ICl.
Seed setting in the cross T 101 x T 106, 1962.
T o ta l Number 
Gone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 34 19
2 26 11
3 30 17
4 31 17
5 30 12
6 30 19
7 32 11
8 28 12
9 31 12
10 26 12
11 31 16
12 32 17
13 27 14
T o ta l number o f seeds 
Kean number o f seeds p e r cone 
T o ta l number o f f u l l  seeds 
Mean number o f i u l l  seeds p e r cone 
P ercentage o f f u l l  seeds p e r cone
14 28 11
15 30 11
16 24 14
17 25 16
18 34 14
19 52 13
20 31 12
21 32 19
22 27 14
23 26 18
24 30 19
25 31 11
= 738
2 9 .5
361
14.4
48.9
zjfa
Table <fS. Tsuga canadensis, T 101.
Seed s e ttin g  in  th e  c ro ss  T 101 x  T 112, 1962.
T o ta l Ijnmber 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 32 13 14 32 14
2 26 12 15 35 13
3 28 17 16 36 15
4 34 17 17 31 11
5 26 15 18 29 13
6 30 14 19 36 14
7 26 16 20 31 IS
8 31 15 21 33 13
9 33 16 22 30 17
10 24 13 23 32 15
11 26 19 24 28 19
12 29 18 25 26 17
13 31 13
T o ta l number o f seeds = 755
Mean number o f seeds p e r cone = 30 .2
T o ta l number o f f u l l  seeds = 377
Mean number o f f u l l  seeds p e r cone = 15 .1
P ercentage o f f u l l  seeds p e r cone = 4 9 .9
Cone
No.
Seed s e ttin g  in  th e  c ro ss
T o ta l Number 
number o f o f f u l l  Gone 
seeds seeds No.
T 101 X T 120, 1962.
T o ta l Number 
number o f o f f u l l  
seeds seeds
1 30 2 14 32 10
2 27 8 15 25 6
5 35 1 16 31 3
4 24 10 17 26 1
5 33 9 18 32 11
6 28 3 19 22 2
7 30 2 20 28 8
8 26 14 21 29 13
9 28 11 22 32 8
10 35 9 23 28 11
11 31 0 24 31 4
12 26 12 25 34 9
13 27 9
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
=  728 
= 2 9 .1
= 176 
7 .0  
= 24 .2
2ft
Table 100. Tsuga canadensis. T 101.
Seed s e ttin g  in  th e  c ro ss  T 101 x  T 121, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 31 18 14 31 14
2 32 17 15 34 24
3 33 11 16 26 10
4 31 17 17 32 14
5 33 16 18 32 19
6 24 14 19 24 14
7 33 15 20 27 15
8 27 18 21 30 19
9 27 13 22 29 18
10 21 10 23 32 21
11 30 17 24 26 16
12 31 22 25 30 19
13 35 16
T o ta l number o f seeds = 741
Mean number o f seeds p e r cone = 2 9 .6
T o ta l number o f f u l l  seeds = 407
Mean number o f f u l l  seeds p e r cone = 16.3
P ercentage o f f u l l  seeds p e r cone = 54 .1
2^ 3
Table ■ Tauga canadensis, T 101.
Seed setting in the cross T 101 x T 122, 1962
Total Number 
Cone number of of full
No. leeds seeds
Total Humber 
Cone number of of full 
No. seeds seeds
1 25 19 14 26 15
2 29 15 15 29 17
3 34 17 16 29 13
4 24 15 17 29 16
5 28 16 18 32 10
6 29 15 19 28 18
7 52 11 20 34 12
8 25 15 21 29 11
9 29 9 22 50 9
10 25 13 23 30 16
11 32 19 24 29 14
12 29 18 25 33 12
13 29 11
Total number of seeds =: 726
Mean number of seeds per cone =: 29.0
Total number of full seeds 356
Mean number of full seeds per cone 14.2
Percentage of full seeds per cone 49.0
Table / ^ 2 . U n u s s i Iv e s  t r i s , P 152. S e e d -s e ttin g  in
s e lf-p o llin a te d  cones, 1961/1962.
Cone T o ta l number Number o f
No. o f seeds f u l l  seeds
1 31 11
2 35 6
5 20 6
4 19 7
5 20 14
6 27 10
T o ta l n im ber o f seeds s 152
Mean nuntoer o f seeds p e r cone SS 25 .3
T o ta l number o f f u l l  seeds xst 54
Mean number o f f u l l  seeds p e r cone a 9 .0
P ercentage o f f u l l  seeds p e r cone a 3 5 .5
2.<fS
Table /ô^. Pinug silvestrls» P 152. Seed-setting in
open-pollinated cones, 1951/1962.
Gone
No.
T o ta l 
! number 
seeds
o f
Number 
o f f u l l  
Seeds
Cone
No.
T o ta l 
number o f < 
seeds
Number 
o f f u l l  
seeds
1 24 9 16 54 15
2 52 18 17 54 22
5 28 9 18 58 16
4 22 2 19 22 10
5 56 16 20 52 13
6 52 9 21 51 16
7 52 7 22 56 6
8 54 22 25 54 2
9 50 9 24 56 6
10 26 10 25 50 16
11 50 14 26 56 15
12 5^1- 20 27 51 7
15 52 23 28 28 7
14 52 15 29 26 6
15 36 14 50 26 20
T o ta l number o f seeds —  944 4 •.
Mean nxuaber o f seeds p e r cone 5 1 :5
T o ta l number o f f u l l  seeds 572
Mean number o f :f u l l seeds p e r cone = 1 2 i4
Percentage o f f u l l seeds p e r cone 5 9 :4
Table / .  iinus silvestria. P. 152. Seed-setting in
the cross P 152 x P 15O, 1961/1962
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 30 15 9 22 14
2 36 20 10 28 12
3 23 11 11 28 8
4 24 12 12 20 10
5 23 13 13 18 15
6 37 20 14 27 13
7 19 10 15 25 20
8 9 4
T o ta l number o f seeds 369
Mean number o f seeds p e r cone 24 .6
T o ta l number o f f u l l  seeds ss 197
lie  a n . number o f f u l l  seeds p e r cone 13 .1
P ercentage o f f u l l  seeds p e r cone S3 53 ;4
Table /OS. Iin u s  s ilv e s t r is . P 152. S e e d -s e ttin g  in
th e  'cro ss P 152 X P 151» 1961/1962.
Cone
No.
T o ta l 
number o f 
seeds
Number T o ta l 
o f f u l l  Cone number o f 
seeds No. seeds
Number 
o f f u l l  
seeds
1 29 29 10 35 34
2 26 25 11 34 34
3 27 27 12 28 27
4 31 31 13 31 26
5 30 29 14 31 27
6 35 32 15 32 30
7 28 28 16 29 27
8 38 37 17 31 29
9 29 29 18 41 41
T o ta l number o f seeds 565
Mean number o f seeds p e r cone 3 1 .4
T o ta l number o f f u l l  seeds =: 542
Mean number o f f u l l  seeds p e r cone = 3 0 .1
B srcentage o f f u l l  seeds p e r cone sx 9 5 .9
the c ro ss  P 152 X P 153, 1961/1962
Cone
No.
T o ta l 
number o f 
seeds
Number T o ta l 
o f f u l l  Cone number o f 
seeds No. seeds
Number 
o f f u l l  
seeds
1 24 22 9 31 27
2 25 16 10 32 30
3 26 23 11 27 22
4 24 23 12 23 18
5 23 18 13 22 20
6 27 26 14 31 29
7 15 10 15 27 25
8 28 25 16 21 19
T o ta l number o f seeds » 406
Mean number o f seeds p e r cone ss 2 5 .4
T o ta l number o f f u l. l seeds =E 553
Mean number o f f u l l  seeds p e r cone 2 2 .1
P ercentage o f f u l l  seeds p e r cone sa 8 7 .0
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Table • Iinus si Ives tris, P 152. Seed-setting in
the cross P 152 x P 154, 1961/1962.
T o ta l Number T o ta l Number
Cone
No.
number o f 
seeds
o f f u l l  
seeds
Cone
No.
number
seeds
o f o f f u l l  
seeds
1 33 17 8 37 19
2 25 4 9 31 17
5 32 8 10 25 16
4 25 11 11 27 21
5 35 21 12 29 23
6 35 22 13 35 19
7 36 16 14 27 23
T o ta l number o f seeds =s 430
Mean number o f seeds p e r cone 5 : 3 0 .7
T o ta l number o f f u l l  seeds = 237
Mean number o f f u l l  seeds p e r cone = : 1 6 .9
P ercentage o f f u l l  seeds p e r cone ss 55 .1
ioô
Table /0<^, llnus silvestris, P 152. Seed-setting in
the cross P 152 x P 155, 1961/1962.
T o ta l Number T o ta l
Cone number o f o f f u l l
Number
Cone number o f o f f u l l
No. seeds seeds No. seeds seeds
1 27 21 9 33 27
2 50 22 10 32 25
3 33 25 11 20 8
4 29 24 12 29 25
5 32 24 13 27 20
6 34 28 14 26 20
7 56 29 15 27 17
8 30 24 16 33 19
T o ta l number o f seeds 478
Mean number o f seeds p e r cone 2 9 .9
T o ta l number o f f u l l  seeds 356
Mean number o f f u l l  seeds p e r cone a 22 .3
P ercentage o f f u l l  seeds p e r cone SX 7 4 .5
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Table . Chamaecyparis lawsoniana. Oh 52.
Seed s e ttin g  in  s e lf-p o llin a te d  cones, 1962
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 13 0 14 18 0
2 19 0 15 12 0
3 12 0 16 12 0
4 17 0 17 22 0
5 12 0 18 12 0
6 12 0 19 18 0
7 12 0 20 16 0
8 12 0 21 16 0
9 14 0 22 12 0
10 18 0 25 20 0
11 21 0 24 20 0
12 17 0 25 19 0
13 20 0
T o ta l number o f seeds 596
Mean number o f seeds p e r cone sr 1 5 .8
T o ta l number o f f u l l  seeds sc 0
Mean number o f f u l l  seeds pe r cone « 0
P ercentage o f f u l l  seeds pe r cone 0
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Table /fÛ Chamaecyparis lawsonlana, Ch 52.
Seed s e ttin g  in  o p e n -p o llin a te d  cones, 1962.
T o ta l Number 
Cone number o f o f f u l l
T o ta l Number 
Cone number o f o f f u l l
No. seeds seeds No. seeds seeds
1 20 5 14 21 10
2 20 9 15 19 9
3 13 6 16 13 12
4 12 10 17 12 8
5 20 15 18 17 12
6 20 4 19 20 11
7 20 6 20 14 4
8 21 6 21 20 8
9 21 7 22 20 6
10 20 11 23 19 9
11 16 9 24 15 8
12 18 10 25 17 10
13 20 14
T o ta l number o f seeds = 448
Mean number o f seeds p e r cone = 17»9
T o ta l number o f f u l l  seeds = 219
Mean number o f f u l l  seeds p e r cone = 8 .8
P ercentage o f f u l l  seeds p e r cone = 4 8 .9
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Table ///• Chamaec.TParis lawsonlana. Ch 52.
Seed setting in the cross Ch 52 x Ch 55, 1962
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
1 20 16 14 15 12
2 20 19 15 15 11
3 19 16 16 14 10
4 17 12 17 21 16
5 12 12 18 18 6
6 18 14 19 19 16
7 12 11 20 16 7
8 16 9 21 20 18
9 13 2 22 14 13
10 19 11 23 16 10
11 19 15 24 19 16
12 16 4 25 15 13
13 12 10
T o ta l number o f seeds = 415
Mean number o f seeds p e r cone = 1 6 .6
T o ta l number o f f u l l  seeds = 299
Mean number o f f u l l  seeds p e r cone 1 2 ,0
P ercentage o f f u l l  seeds pe r cone 7 2 .0
80 If
Seed s e ttin g  in the  c ro ss  Ch 52 x Ch 61, 1962.
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
1 20 17 14 13 13
2 16 12 15 18 12
5 20 19 15 18 6
4 20 15 17 17 12
5 18 15 18 1 2 ' 12
s 20 15 19 19 16
7 24 16 20 12 12
8 12 8 21 20 18
9 22 9 22 21 16
10 16 12 25 19 11
11 15 11 24 18 12
12 19 10 25 13 13
15 21 10
T o ta l immber o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 441
= 17.6
12.9
75.0
305
Cone
Ho,
Seed s e ttin g  in  th e  c ro ss  Oh 52 x  Ch 72, 1962.
T o ta l Humber T o ta l Humbez- 
number o f o f f u l l  Cone number o f o f f u l l  
seeds seeds Ho. seeds seeds
1 20 18 14 20 16
2 20 10 15 18 15
3 20 9 16 20 6
4 20. 12 17 20 11
5 17 0 18 15 9
6 13 6 19 20 11
7 20 13 20 12 3
8 19 13 21 20 12
9 18 15 22 18 5
10 11 10 23 17 8
11 16 8 24 18 14
12 19 12 25 20 12
13 16 3
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage o f f u l l  seeds p e r cone
= 447
=  17.9
= 251 
10,0 
= 56.2
soù
Table . Chamaec.yparis lawaoniana. Ch 52.
Seed setting in the cross Ch 52 x Ch 81, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 12 9 14 . 17 9
2 21 16 15 18 12
3 18 13 16 20 15.
4 20 20 17 15 9
5 20 9 18 13 10
6 20 14 19 20 16
7 12 11 20 16 13
8 14 7 21 18 11
9 13 9 22 20 8
10 20 17 23 14 11
11 15 14 24 12 10
12 12 11 25 17 10
13 12 9
T o ta l number o f seeds = 409
Mean number o f seeds per cone 16.4
T o ta l number o f f u l l  seeds = 291
Mean number o f f u l l  seeds per cone = 11.6
Percentage o f f u l l  seeds per cone = 71 .1
Table //3". Chamaecyparis larsoniana. Ch 52.
Seed setting in the cross Ch 52 x Ch 92, 1962
T o ta l Number 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Number 
Gone number o f o f f u l l  
No. seeds seeds
1 18 17 14 19 16
2 15 7 15 20 16
3 17 17 16 13 12
4 20 17 17 14 11
5 16 10 18 12 12
6 25 22 19 13 10
7 12 9 20 20 16
8 12 10 21 20 18
9 18 9 22 14 11
10 18 13 23 18 14
11 16 11 24 17 14
12 20 14 25 15 12
13 17 14
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
417
16.7
532
13.3
79.6
S08
Table • Chamaecyparis lawsoniana, Ch 52»
Seed s e ttin g  in  th e  c ro ss  Ch 52 x  Ch 95» 1962
Cone
Ho.
T o ta l Humber 
number o f o f f u l l  
seeds seeds
Cone
Ho.
T o ta l 
number o f < 
seeds
Humber 
o f f u l l  
seeds
1 20 12 14 21 20
2 20 15 15 14 12
3 21 21 16 19 18
4 20 12 17 16 11
5 16 14 18 12 10
6 20 12 19 20 15
7 20 16 20 17 15
8 16 6 21 20 13
9 20 17 22 19 15
10 17 11 25 16 15
11 19 16 24 18 10
12 18 9 25 14 12
13 20 16
T o ta l number o f seeds • = 453
Mean number o f seeds p e r cone = 18.1
T o ta l number o f f u l l  seeds = 345
Mean number o f f u l l  seeds p e r cone = 13 .7
P ercentage o f f u l l  seeds p e r cone = 7 5 .7
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Table 7• Chamaecyparis Igw80n3.ane., Ch 55*
Seed setting in self-pollinated cones, 1962.
T o ta l Humber 
Cone number o f o f f u l l  
No* seeds seeds
T o ta l Number 
Cone number o f o f f u l l
1 16 0
2 15 0
5 13 0
4 20 0
5 20 0
6 13 0
7 16 0
8 18 0
9 16 0
10 19 0
11 20 0
12 20 0
13 19 1
T o ta l number o f seeds
No. seeds see
14 20 1
15 17 0
16 20 1
17 19 3
18 20 1
19 20 1
20 20 4
21 20 2
22 20 3
23 19 0
24 13 0
25 16 0
Mean numbef o f seeds p e r cone 
T o ta l number o f f u l l  seeds 
Mean number o f f u l l  seeds p e r cone 
P ercentage o f f u l l  seeds p e r cone
449
1 8 .0
17
0 .7
3:8
310
Cone
No.
Seed s e ttin g  in  o p e n -p o llin a te d  cones, 1962.
T o ta l Number T o ta l Number 
number o f o f f u l l  Cone number o f o f f u l l  
seeds seeds No. seeds seeds
1 17 5 14 19 8
2 16 8 15 16 9
3 20 10 16 18 5
4 13 8 17 18 7
5 16 4 18 14 9
6 17 12 19 19 4
7 20 12 20 18 5
8 17 9 21 20 9
9 15 10 22 16 3
10 16 9 23 16 5
11 19 6 24 20 11
12 13 11 25 18 4
13 19 7
T o ta l rmmber o f seeds = 450
Mean n im ber o f seeds p e r cone =» 17»2
T o ta l number o f f u l l  seeds = 190
Mean nximber o f f u l l  seeds p e r cone => 7*6
P ercentage o f f u l l  seeds p e r cone = 4 4 ,2
3/!
Table //f- Ohaaaecyparis lamsoniana, Ch 53.
Seed setting in the cross Ch 53 z Ch 54, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 12 8 14 15 6
2 17 11 15 19 7
3 16 10 16 11 5
4 19 10 17 17 10
5 16 9 18 18 9
6 20 12 19 17 9
7 17 9 20 12 8
8 13 5 21 12 7
9 16 11 22 16 12
10 13 9 23 19 9
11 12 6 24 13 6
12 19 9 25 15 6
13 12 7
T o ta l number o f seeds = 386
Mean number o f seeds p e r cone 15 .4
T o ta l numbex' o f f u l l  seeds = 210
Mean number o f f u l l  seeds pe r cone = 8 .4
P ercentage o f f u l l  seeds p e r cone = ' 54 .4
J/Z
Table /2.Û. Chamaec.ypsri v, la*v/soiiiana« Oh 55*
Seed setting in the cross Oh 53 % Ch 55» 1962.
T o ta l Number 
Gone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Gone number o f o f f u l l  
No. seeds seeds
1 19 15 14 20 16
2 19 15 15 17 13
5 20 14 16 18 13
4 17 12 17 19 16
5 17 14 18 17 13
6 20 11 19 19 14
7 13 8 20 20 13
8 18 13 21 18 13
9 20 17 22 20 14
10 20 12 23 20 18
11 16 13 24 16 13
12 20 13 25 20 17
15 19 14
T o ta l number o f seeds = 467
Mean number o f seeds per cone = 18 .7
T o ta l number o f f u l l  seeds = 344
Mean number o f f u l l  seeds p e r cone = 1 3 .8
Percentage of full seeds per cone 75.7
J/3
Seed s e ttin g  in  the cro s s Ch 53 X Ch 56, 1962.
Gone
No.
T o ta l 
number o f 
seeds
Number
o f f u l l  Cone 
seeds No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 15 12 14 16 11
2 16 12 15 19 14
5 13 10 16 18 13
4 20 17 17 16 12
5 14 10 18 19 11
6 20 15 19 15 8
7 20 15 20 16 6
8 15 13 21 19 17
9 19 15 22 20 14
10 18 11 23 19 15
11 12 5 24 16 12
12 16 11 25 15 10
13 15 10
T o ta l number o f seeds =. 421
Mean number o f seeds p e r cone 16 .8
T o ta l number o f f u l l  seeds = 297
Mean number o f f u l l  seeds p e r cone = 1 1 .9
Percentage of full seeds per cone 70.5
3/if
Seed s e ttin g  in th e  c ro ss  Ch 53 x  Ch 57, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 15 7 14 17 12
2 20 11 15 16 7
3 20 10 16 20 11
4 20 13 17 16 11
5 18 9 18 14 5
6 20 10 19 12 8
7 20 11 20 15 11
8 19 13 21 17 9
9 13 10 22 20 14
10 16 12 25 19 12
11 17 10 24 18 12
12 16 13 25 16 11
13 18 12
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 452
=  17.3
= 264
10.6
= 61.1
3/s
Table 3. Chamaecyparis lawsoniana, Ch 53«
Seed setting; in the cross Ch 53 x Ch 61, 1962*
T o ta l Number 
Cone nuraber o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 14 10 14 19 5
2 20 16 15 16 15
3 17 15 16 17 11
4 18 11 17 16 10
5 15 12 18 18 15
6 18 14 19 19 12
7 19 11 20 20 14
8 16 14 21 20 16
9 20 18 22 18 13
10 16 9 23 20 19
11 15 10 24 16 10
12 16 11 25 16 14
13 15 14
T o ta l number o f seeds = 434
Mean number o f seeds per cone 17 .4
T o ta l number o f f u l l  seeds = 519
Mean number o f f u l l  seeds pe r cone = 12.8
Percentage of full seeds per cone 73.5
3/ù
Table ■ Chamaecyparis lawsoniana. Oh 53*
Seed setting in the cross Oh 55 x Oh 72, 1962.
\
Total Humber 
Cone number of of full
Total Number 
Cone number of of full
Ho. seeds seeds Ho. seeds seeds
1 16 11 14 20 15
2 20 16 15 20 13
3 14 9 16 18 13
4 20 15 17 20 15
5 12 9 18 16 13
6 16 10 19 20 14
7 19 16 20 17 12
8 17 10 21 14 9
9 17 9 22 17 10
10 20 12 23 20 17
11 20 9 24 20 16
12 16 10 25 16 14
13 20 16
Total number of seeds = 445
iviean number of seeds per cone = 17.8
Total number of full seeds = 315
kean number of full seeds per cone 12.5
Percentage of full seeds per cone = 70.3
Cone
No.
Seed setting in
Total Number 
number of of full 
seeds seeds
the cross
Gone
No.
Ch 53 X Ch 81, 1962.
Total Number 
number of of full 
seeds seeds
1 15 10 14- 15 10
2 15 10 15 19 11
3 20 12 16 19 13
4- 19 11 17 20 13
5 20 14- 18 17 14
6 19 10 19 18 12
7 16 13 20 12 9
8 13 8 21 20 14
9 18 14 22 16 11
10 20 12 23 18 10
11 16 12 24- 18 14
12 20 11 25 14- 8
13 18 13
Total nuBiber of seeds = 4-35
Mean number of seeds per cone = 17.4-
Total number of full seeds = 289
Mean number of full seeds per cone = 11*6
Percentage of full seeds per cone - 66.4-
(Table • ChamaecyT>aris lawsoniana  ^ Ch 55*
Seed setting in the cross Ch 53 x Ch 92, 1962#
Total ITutiiber 
Cone number of of full 
iTo# seeds seeds
Total ITumber
Gone number of of full 
seeds seedsIIo.
1 16 9 14 20 15
2 20 13 15 14 11
3 12 10 16 14 10
4 20 13 17 12 9
5 16 11 18 12 8
6 14 8 19 13 10
7 13 10 20 15 7
8 12 9 21 13 11
9 19 15 22 16 11
10 14 10 23 19 16
11 13 15 24 20 15
12 15 10 25 14 10
13 15 12
Total number of seeds = 586
Mean number of seeds per cone = 15#4
Total number of full seeds = 278
Mean number of full seeds per cone =» 11.1
Percentage of full seeds per cone = 72*0
il‘1
Table /17- Chamaecyparia lawsoniana. Ch 54.
Seed setting in self-pollinated cones, 1962.
Total Number- Total Number
Gone
No.
number of 
seeds
of full 
seeds
Cone
No.
number of 
seeds
of full 
seeds
1 22 0 14 20 0
*>,
6 . 12 0 15 13 0
3 20 0 15 20 0
4 18 0 17 12 0
5 19 0 18 17 0
6 14 0 19 12 0
7 . 14 0 20 12 0
8 13 0 21 21 0
9 12 0 22 15 0
10 18 0 23 12 0
11 20 0 24 20 0
12 14 0 25 12 0
13 17 0
Total number of seeds = 399
Mean nuabex' of seedt? per cone 16.0
Total number of lull seeds = 0
kean number of full seeds per cone » 0
PercentafiO of full seeds per cone a 0
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Table /Z$ , Chamaecyparis lawsonlana< Ch 54.
Seed Betting; in open-pollinated cones, 1962.
Cone
No.
Total 
number of 
scedc
Number 
of full 
seeds
Gone
No.
Total, 
number of 
seeds
Number 
of full 
seeds
1 19 5 14 13 4
2 12 4 15 15 4
5 14 5 16 19 12
4 19 6 17 20 4
5 14 4 18 16 2
6 20 9 19 20 3
7 11 3 20 20 2
8 12 4 21 12 2
9 16 9 22 14 6
10 15 5 23 20 8
11 23 6 24 13 1
12 13 3 25 13 2
15 17 2
Total number of seeds = 400
Mean number of iseeds per cone = 16.0
Total number of full seeds = 113
Mean number of :Cull seeds per cone = 4.5
Percentage of full seeds per cone = 28.3
31!
Table /2^. Chauiiaec.ypai'is lawsoniana. Ch 54.
Seed setting in the cross Ch 54 x Ch 55» 1962,
Cone
No.
Total
number
seeds
of
Number 
of full 
seeds
Cone
Ho.
Total 
number of 
seeds
Number 
of full 
seeds
1 16 16 14 12 12
2 15 15 15 19 18
3 20 19 16 20 19
4 18 17 17 15 13
5 20 18 18 20 18
6 20 20 19 14 12
7 12 12 20 19 18
8 14 12 21 18 16
9 20 16 22 20 18
10 13 13 23 15 14
11 16 15 24 18 17
12 15 15 25 20 19
13 17 17
Total number of seeds = 426
Mean number of seeds per cone = 17.0
Total number of full seeds = 401
Mean number of full seeds per cone 16.0
Percentag;e of full seeds per <zone = 94.1
32 z
Table ■ Chamaec.yoarls lawsoniana, Ch 54.
Cone
No.
Seed setting in the cross Ch 54 x Ch 61, 1962.
Total Number Total Number 
number of of full Gone number of of full 
seeds seeds No. seeds seeds
1 20 19 14 20 18
2 19 17 15 17 15
5 14 13 16 20 15
4 18 17 17 14 14
5 20 19 18 18 17
6 20 20 19 19 18
7 12 12 20 19 17
8 13 12 21 19 16
9 20 18 22 20 20
10 19 16 23 18 17
11 20 19 24 17 17
12 16 13 25 14 13
13 18 17
Total number of seeds
Mean number of seeds per cone
Total number of full seeds
Mean number of full seeds per cone
Percentage of full seeds per cone
= 444 
« 17.8 
= 409
= 16.4
» 92.1
32J
Table Chaiaaecyparis law son iana , Ch 54.
Seed s e ttin g  in  the  cro ss Ch 54 x  Ch 72, 19'
T o ta l Number T o ta l Number 
Cone number o f o f f u l l  Cone number o f o f f u l l  
No. seeds seeds No. seeds seeds
1 15 10 14 15 11
2 12 12 15 16 11
3 24 18 16 20 14
4 19 14 17 15 12
5 16 11 18 17 13
6 14 13 19 15 12
7 15 11 20 16 12
8 15 14 21 13 10
9 15 11 22 19 15
10 14 12 23 15 12
11 14 10 24 14 10
12 16 15 25 18 13
13 13 11
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
393
15.7
307
12.5
78.1
zzi/.
Table / S z  . Chamaec.yparis lawsoniana. Ch 54.
Seed setting in the cross Ch 54 x Ch 81, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 19 19 14 13 8
2 20 20 15 21 19
3 17 16 16 20 15
4 19 8 17 13 13
5 16 15 18 17 15
6 19 18 19 19 17
7 11 10 20 19 16
8 19 15 21 20 18
9 19 15 22 16 14
10 14 8 23 19 15
11 22 16 24 18 16
12 15 14 25 14 10
13 18 17
T o ta l number o f seeds = 437
Mean number o f iseeds p e r cone =» 17 .5
T o ta l number o f f u l l  seeds = 368
Mean number o f f u l l  seeds pe r cone « 14.7
Percentage o f f u l l  seeds pe r cone » 84 .2
32.^
Table /33. Chamaecyparis lawsoniana. Ch 55»
Seed setting in self-pollinated cones, 1952.
T o ta l Number 
Cone number o f o f f u l l  
No, seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 20 0 14 13 0
2 12 0 15 12 0
3 16 0 16 15 0
4 16 0 17 12 0
5 12 0 18 14 0
6 16 0 19 19 0
7 17 0 20 12 0
8 16 0 21 17 0
9 13 0 22 12 0
10 11 0 23 15 0
11 14 0 24 12 0
12 20 0 25 12 0
13 11 0
T o ta l number o f seeds 360
Mean number o f seeds per cone 14.40
T o ta l number o f f u l l  seeds 0
Mean number o f f u l l  seeds p e r cone 0
I^ rc e n ta g e  o f f u l l  seeds per cone 3 0
3>2G
Cone
No.
Seed
T o ta l 
number o f 
seeds
s e ttin g  in  o p e n -p o llin a te d  cones, 1962
Number T o ta l Number 
o f f u l l  Cone number o f o f f u l l  
seeds No. seeds seeds
1 13 4 14 7 0
2 20 3 15 8 0
3 12 1 16 12 2
4 11 2 17 14 3
5 16 2 18 14 1
6 12 2 19 12 3
7 16 3 20 12 2
8 12 1 21 17 3
9 10 1 22 12 4
10 16 4 23 15 1
11 17 3 24 12 2
12 8 1 25 12 1
13 12 2
T o ta l number o f seeds = 322
Mean number o f seeds p e r cone =r 12.88
T o ta l number o f f u l l  seeds 3 51
Mean number o f f u l l  seeds pe r cone r t 2 .04
Percentage o f f u l l  seeds per cone 3 15.8
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Table 135. Chamaecyparis lawsoniana. Ch 55«
Seed setting in the cross Ch 55 x Ch 52, 1962
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 10 10 14 17 14
2 15 15 15 16 15
3 9 9 16 11 10
4 8 8 17 12 11
5 11 10 18 12 12
6 12 12 19 15 15
7 12 12 20 16 14
8 9 7 21 16 14
9 9 9 22 10 9
10 11 10 23 12 12
11 16 15 24 11 11
12 11 11 25 14 13
13 14 13
T o ta l number o f seeds = 309
Mean number o f seeds p e r cone 12.36
T o ta l number o f f u l l  seeds = 291
Mean number o f f u l l  seeds pe r cone 11.64
I%rcentap;e of full seeds per cone 94.2
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Table ^3^. Ghamaecyparis lawsoniana. Ch. 55*
Seed setting in the cross Ch 55 x Ch 53, 1962.
T o ta l Humber 
Gone number o f o f f u l l  
No. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 14 14 14- 11 11
£L 16 15 15 10 9
3 12 10 16 16 15
4 16 16 17 13 13
5 12 11 18 20 13
6 15 15 19 9 9
7 15 15 20 10 10
8 13 12 21 16 16
9 12 12 22 12 12
10 12 12 23 18 17
11 15 13 24 13 12
12 18 17 25 17 16
13 17 15
T o ta l number o f seeds = 350
Mean number o f seeds per cone 14,0
T o ta l number o f f u l l  seeds = 330
Mean number o f f u l l  seeds pe r cone 13.2
Percentage o f f u l l  seeds per cone = 94.2
iZCj
Table 13^. Chamaecyparis lawsoniana, Ch 55.
Seed, setting in the cross Ch 55 x Ch 54, 1962.
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 16 13 14 9 8
2 16 12 15 10 8
3 10 9 16 10 7
4 16 15 17 14 13
5 12 4 18 12 10
6 13 11 19 12 11
7 12 11 20 12 12
8 10 8 21 16 15
9 12 12 22 12 11
10 13 12 23 13 11
11 10 10 24 10 9
12 13 11 25 12 12
13 9 8
T o ta l number o f seeds 3 304
Mean number o f seeds per cone 3 12.16
T o ta l number o f f u l l  seeds 263
Mean number o f f u l l  seeds per cone a 10.52
Percentage o f f u l l  seeds per cone 3 86.5
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Seed s e ttin g in  th e  cross Ch 55 x  Ch 56, 1962.
Cone
Wo.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
Wo.
T o ta l 
nuiober o f 
seeds
Number 
o f f u l l  
seeds
1 14 11 14 10 7
2 18 14 15 14 13
3 12 12 16 15 13
4 12 12 . 17 15 12
5 11 11 18 14 10
6 14 13 19 12 11
7 12 11 20 12 8
8 12 12 21 15 14
9 14 13 22 11 10
10 14 10 23 12 12
11 10 6 24 16 15
12 16 15 25 12 11
13 11 10
T o ta l number o f seeds = 328
Mean numbei' o f seeds p e r cone 
T o ta l number o f f u l l  seeds 
Mean number o f f u l l  seeds per cone 
Percentag'e o f f u l l  seeds per cone
13.12
286
ll./Kl-
87.2
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Table ^37- Chamaecyparls lawsoniana. Ch 55»
Seed setting in the cross Ch 55 % Ch 57, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 12 11 14 16 14
2 12 12 15 20 17
3 12 12 16 13 10
4 12 12 17 11 9
5 15 13 18 11 10
6 15 13 19 8 6
7 18 16 20 8 6
8 10 9 21 12 12
9 11 9 22 14 14
10 14 11 23 12 11
11 12 12 24 16 14
12 12 10 25 15 13
13 11 11
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 322 
12.38 
= 287 
11.48 
= 89» 1
S5Z
Table 34û . Chamaecyparis lawsoniana, Ch 55»
Seed setting in the cross Ch 55 x Ch 59, 1962.
T o ta l Humber 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone numbei' o f o f f u l l  
No. seeds seeds
1 12 8 14 13 11
2 9 8 15 10 8
3 9 9 16 11 5
4 9 6 17 8 4
5 12 7 IS 9 6
6 12 8 19 12 9
7 11 10 20 10 8
8 11 9 21 12 11
9 13 11 22 9 8
10 11 7 23 10 6
11 12 11 24 15 10
12 14 10 25 12 10
13 12 11
T o ta l number o f seeds 276
Mean number o f seeds p e r cone S3 11.04
T o ta l number o f f u l l  seeds 211
Mean number o f f u l l  seeds per cone 3 8 .44
Percentage o f f u l l  seeds per cone 76 .4
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Table 33/./. Chamaecyparis lawsoniana. Ch 55*
Seed setting in the cross Ch 55 x Ch 51, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 12 11 14 15 11
2 18 17 15 16 15
3 16 11 16 12 11
4 12 10 17 16 15
5 11 10 18 15 13
6 20 17 19 13 13
7 12 10 20 14 8
8 16 14 21 16 11
9 12 9 22 12 9
10 16 15 23 13 11
11 12 10 24 12 11
12 16 12 25 13 12
13 13 11
T o ta l number o f seeds = 351
Mean number o f seeds p e r cone 14.04
T o ta l number o f f u l l  seeds = 297
Mean number o f f u l l  seeds p e r cone 11.88
Percentage of full seeds per cone 84.6
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Table Gharoaecyparis lawsoniana, Ch 55»
Seed setting in the cross Ch 55 x Ch 62, 1962,
T o ta l Number 
Cone number o f o f f u l l  
No, seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 17 15 14 9 8
2 9 8 15 15 14
3 11 11 16 12 12
4 11 10 17 9 9
5 10 9 18 13 13
6 13 12 19 15 15
7 13 13 20 14 13
8 12 12 21 11 10
9 13 12 22 13 12
10 12 11 23 13 12
11 12 12 24 9 8
12 14 14 25 12 11
13 8 8
T o ta l number o f seeds = 300
Mean number o f seeds per cone 12 .0
T o ta l number o f f u l l  seeds = 284
Mean number o f f u l l  seeds p e r cone = 11.36
Percentage of full seeds per cone 94.7
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Table Chamaecyparis lawsoniana. Ch 55»
Seed setting in the cross Ch 55 x Ch 72, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 12 10 14 12 10
2 13 12 15 16 11
3 14 13 16 12 11
4 10 10 17 14 14
5 18 15 18 15 9
6 16 14 19 9 9
7 17 15 20 12 11
8 15 11 21 14 13
9 18 17 22 16 14
10 14 10 23 18 17
11 15 14 24 10 9
12 10 9 25 12 11
15 12 11
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 344
= 13.76
= 300 
12.0 
= 87.2
Table 4 - Chamaecyparis lawsoniana. Ch 55*
Seed setting in the cross Ch 55 x Ch 81, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 17 11 14 9 9
2 11 11 15 12 11
3 10 7 16 12 12
4 8 7 17 10 8
5 15 12 18 7 7
6 9 9 19 10 10
7 12 9 20 11 10
8 9 8 21 11 11
9 7 6 22 15 13
10 11 10 23 12 10
11 11 11 24 11 9
12 11 9 25 11 10
13 10 9
T o ta l number o f seeds = 272
Mean number o f seeds p e r cone 10.88
T o ta l number o f f u l l  seeds = 239
Mean number o f f u l l  seeds p e r cone 9 .56
Percentage o f f u l l  seeds pe r cone =. 87 .9
3î:(.
Cone
No.
Seed s e ttin g  in  the  cro ss Ch 55 x  Ch 82, 1962.
T o ta l Number T o ta l Number 
number o f o f f u l l  Cone number o f o f f u l l  
seeds seeds No. seeds seeds
1 12 12 14 11 11
2 14 13 15 13 12
3 8 7 16 11 10
4 17 15 17 16 15
5 16 15 18 10 8
6 14 13 19 13 12
7 9 8 20 12 10
8 15 14 21 14 13
9 12 12 22 9 8
10 13 10 23 11 11
11 11 10 24 15 13
12 15 13 25 12 10
13 18 14
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 321 
12.84 
= 289 
= 11.56 
90.0
s $8
Table Chamaecyparis lawsoniana. Ch 55»
Seed setting in the cross Ch 55 x Ch 85, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
cone number o f o f f u l l  
No. seeds seeds
1 10 7 14 17 16
2 18 16 15 12 8
3 10 9 16 14 11
4 15 14 17 17 15
5 17 15 18 11 5
6 14 13 19 12 10
7 9 6 20 12 11
8 15 11 21 16 15
9 16 16 22 9 8
10 8 7 23 12 12
11 12 9 24 17 15
12 14 14 25 14 13
15 12 12
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage of full seeds per cone
= 335 
= 13.32
= 288 
= 11.52 
= 8 6 .5
Cone
No.
Seed s e ttin g  in
T o ta l Number 
number o f o f f u l l  
seeds seeds
th e  c ro ss  Ch 55 x  Ch 91, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 12 9 14 15 9
2 8 8 15 10 10
3 20 17 16 16 16
4 12 12 17 12 8
5 12 9 18 10 8
6 12 12 19 7 7
7 12 12 20 9 6
8 15 13 21 18 16
9 12 11 22 12 11
10 11 10 23 12 11
11 12 12 24 13 10
12 9 7 25 12 9
13 14 11
T o ta l number o f seeds = 307
Mean number o f seeds per cone 12.28
T o ta l number o f f u l l  seeds = 264
Mean number o f f u l l  seeds per cone 
Percentage o f f u l l  seeds per cone
10.56
86.0
3^ 0
Table Chamaecyparis lawsoniana, Ch 55.
Seed setting in the cross Ch 55 x Ch 92, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Gone number o f o f f u l l  
No. seeds seeds
1 25 22 14 15 11
2 14 15 15 12 10
5 17 15 16 15 15
4 19 18 17 12 11
5 10 9 18 14 14
6 12 12 19 14 11
7 12 10 20 13 11
8 12 12 21 14 12
9 12 11 22 12 10
10 12 9 23 11 10
11 15 12 24 15 13
12 15 15 25 14 13
15 11 11
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
P ercentage o f f u l l  seeds per cone
=  543
= 15.72
= 306
= 12,24
= 89.2
■ \
-
%
31+1
Table 33/ Chamaecyparis lawseniana. Ch 55*
Seed setting in the cross Ch 55 x Ch 95, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 15 14 14 11 11
2 11 10 15 15 15
5 16 16 16 15 10
4 12 12 17 8 7
5 15 15 18 12 9
6 15 15 19 14 12
7 12 12 20 12 12
8 17 15 21 12 12
9 11 11 22 14 11
10 9 9 23 10 10
11 12 12 24 12 12
12 10 9 25 15 12
15 12 11
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 515 
12.52 
= 290 
11.60 
= 92 .7
J ^ 2
Table /S'Û. Chamaecyparis lawsoniana  ^ Ch 55*
Seed setting in the cross Ch 55 x Ch 94-$ 1962
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Gone number o f o f f u l l  
No. seeds seeds
1 11 11 14 8 8
2 12 12 15 11 10
3 16 16 16 13 12
4 9 8 17 12 10
5 11 10 18 12 10
6 12 8 19 12 10
7 11 10 20 12 9
8 15 15 21 16 15
9 10 9 22 10 9
10 10 10 23 15 13
11 14 14 24 12 11
12 14 13 25 12 12
13 9 9
T o ta l number o f seeds 3 297
Mean number o f seeds per cone 11.88
T o ta l number o f f u l l  seeds S 274
Mean number o f f u l l  seeds pe r cone 10.96
Percentage of full seeds per cone 92.3
8/. 2
Table ■ Chamaecyparis lawsoniana, Ch 55*
Seed setting in the cross Ch 55 x Ch 95, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 13 12 14 12 11
2 15 15 15 13 11
3 11 11 16 13 9
4 14 14 17 10 9
5 15 8 18 9 6
6 12 11 19 10 8
7 10 10 20 12 12
8 9 8 21 14 14
9 12 10 22 9 8
10 15 15 23 12 11
11 12 11 24 14 10
12 14 9 25 13 9
13 12 11
T o ta l number o f seeds = 301
Mean number o f seeds per cone = 12.04
T o ta l number o f f u l l  seeds = 261
îvtean number o f f u l l  seeds pe r cone = 10.44
Percentage o f f u l l  seeds per cone = 86 ,7
Cone
No.
Seed s e ttin g  in  s e lf-p o llin a te d  cones, 1962
T o ta l Humber T o ta l Number 
number o f o f f u l l  Cojse number o f o f f u l l  
seeds seeds No. seeds seeds
1 20 0 14 23 0
2 14 0 15 17 0
3 16 0 16 19 0
4 15 0 17 17 0
5 20 0 18 12 0
6 17 0 19 20 0
7 22 0 20 18 0
8 14 0 21 16 0
9 16 0 22 21 0
10 17 0 23 16 0
11 20 0 24 20 0
12 16 0 25 17 0
13 20 0
T o ta l number o f seeds .  441
Mean number o f seeds per cone 
T o ta l number o f f u l l  seeds 
Mean number o f f u l l  seeds p e r cone 
Percentage o f f u l l  seeds p e r cone
17.6
0
0
0
Seed s e ttin g  in  o p e n -p o llin a te d  cones, 1962
Con©
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 16 6 14 18 4
2 14 7 15 16 6
5 15 4 16 20 8
4 12 5 17 12 5
5 17 6 18 15 6
6 14 6 19 14 5
7 15 5 20 12 2
8 18 7 21 18 9
9 17 6 22 16 5
10 16 5 25 16 6
11 11 5 24 20 7
12 16 5 25 15 7
15 16 5
T o ta l number o f seeds = 585
Mean number o f seeds p e r cone 1 5 .4
T o ta l number o f f u l l  seeds = 156
Mean number o f f u l l  seeds pe r cone 5 .4
P ercentage o f f u l l  seeds pe r cone = 5 5 .5
Table !S^. Gl-iamaec.yparis lawsoniana. Oh 56.
Seed setting in the cross Oh 56 x Ch 55, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 16 16 14 19 16
2 12 12 15 18 15
3 16 15 16 19 18
4 16 16 17 16 14
5 19 18 18 23 21
6 12 10 19 19 16
7 19 17 20 12 11
8 17 16 21 16 14
9 14 13 22 19 18
10 16 16 23 17 15
11 19 18 24 15 15
12 14 14 25 19 17
13 20 19
T o ta l number o f seeds = 422
Mean number o f seeds p e r cone = 16.9
T o ta l number o f f u l l  seeds » 388
Mean number o f f u l l  seeds pe r cone = 15.5
P ercentage o f f u l l  seeds pe r cone = 91 .9
3^;^.
Table /SS, Chamaec.yparls lawsonlana. Ch 56.
Seed setting in the cross Ch 56 x Ch 61, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 19 15 14 17 13
2 12 11 15 20 19
3 16 13 16 18 16
4 13 10 17 15 11
5 17 13 18 19 18
6 19 19 19 14 11
7 14 12 20 13 11
8 19 17 21 16 12
9 18 15 22
10 20 18 23
11 14 10 24 mm
12 19 14 25
13 17 14
T o ta l number o f seeds s: 349
Mean number o f seeds p e r cone S3 16.6
T o ta l number o f f u l l  seeds S3 292
Mean number o f f u l l  seeds pe r cone S3 13 .9
Percentage o f f u l l  seeds p e r cone a 8 3 .7
Table S^é,. Cb.amaec.yDaris lawsonlana» Ch $6.
Seed, setting in the cross Ch 56 x Ch 72» 1962.
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 20 20 14 16 15
2 20 19 15 22 22
3 20 20 16 16 16
4 20 20 17 19 17
5 20 19 18 20 18
6 15 15 19 17 15
7 16 16 20 19 17
8 18 18 21 20 18
9 15 15 22 19 19
10 18 15 23 21 21
11 20 18 24 17 16
12 15 14 25 18 18
13 20 19
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 461 
= 18 ,4
= 440 
= 17.6 
» 95.4
Table 1^7- ■ Ch.ainaec:v7>aria latysonlana, Ch 56.
Seed setting in the cross Ch 56 x Ch 81, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No, seeds seeds
1 20 16 14 18 16
2 16 13 15 19 18
3 17 16 16 17 15
4 14 10 17 17 14
5 15 11 18 20 17
6 19 17 19 16 10
7 12 12 20 17 15
8 17 17 21 17 16
9 14 10 22 18 18
10 16 15 23 16 15
11 18 17 24 20 19
12 14 11 25 15 11
13 16 15
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
» 418 
= 16.7
» 364
14.6  
« 87.1
250
Table . Chamaec.yparls lawsonlana. Ch 56.
Seed setting in the cross Ch 56 x Ch 91» 1962.
T o ta l Humber 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 18 16 14 19 18
2 16 12 15 19 16
3 16 16 16 16 14
4 16 14 17 16 13
5 18 16 18 18 11
6 16 15 19 19 16
7 12 10 20 19 14
8 16 14 21 16 15
9 17 15 22 17 16
10 13 12 23 20 19
11 17 15 24 18 16
12 20 18 25 18 16
13 11 10
T o ta l number o f seeds *> 421
Mean number o f seeds p e r cone = 16 .8
T o ta l number o f f u l l  seeds = 565
Mean number o f f u l l  seeds p e r cone » 14 .5
Percentage o f f u l l  seeds per cone » 8 6 .7
3S!
Cone
No.
Seed s e ttin g  in
T o ta l Number 
number o f o f f u l l  
seeds seeds
1 19 0
2 20 0
3 20 0
4 20 0
5 14 0
6 19 0
7 20 0
8 13 0
9 19 0
10 20 0
11 17 0
12 20 0
13 15 0
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
14 14 0
15 20 0
16 19 0
17 20 0
18 18 0
19 18 0
20 19 0
21 14 0
22 17 0
23 12 0
24 15 0
25 18 0
T o ta l number o f seeds = 440
Mean nuyaber o f seeds per cone = 17«6
T o ta l number o f f u l l  seeds = 0
Mean number o f f u l l  seeds p e r cone = 0
P ercentage o f f u l l  seeds per cone => 0
352
Table /éû. Chamaecyparis lawsoniana. Ch. 57*
Seed setting in open-pollinated cones, 1952.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 18 5 14 19 8
2 18 2 15 17 1
3 26 2 16 19 3
4 20 9 17 20 4
5 13 6 18 20 6
6 20 7 19 15 3
7 16 3 20 19 6
8 20 4 21 14 2
9 20 8 22 17 3
10 20 3 23 19 4
11 16 2 24 17 4
12 16 4 25 20 8
13 16 1
T o ta l number o f seeds *  455
Mean number o f seeds per cone = 18.2
T o ta l number o f f u l l  seeds = 108
Mean number o f f u l l  seeds p e r cone = 4 .3
Percentage o f f u l l  seeds p e r cone = 2 3 .7
3S3
Table Ghamaecyparis lawBoniana. Ch 57»
Seed setting in the cross Ch 57 x Ch 61, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 18 9 14 19 6
2 17 6 15 8 5
5 20 7 16 12 7
4 19 9 17 19 6
5 13 8 18 19 10
6 20 6 19 16 8
7 18 8 20 16 6
8 13 4 21 20 9
9 19 6 22 14 8
10 19 9 23 17 7
11 17 5 24 19 8
12 16 7 25 16 7
13 16 7
T o ta l number o f seeds = 420
Mean number o f seeds p e r cone 16.8
T o ta l number o f f u l l  seeds = 178
Mean number o f f u l l  seeds pe r cone 7 .1
Percentage o f f u l l  seeds p e r cone = 4 2 .4
Table A  2. Ghamaecyparis lav/soniana. Ch 57*
Seed setting in the cross Ch 57 x Ch 72, 1952.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 16 11 14 13 17
2 19 12 15 15 12
3 19 15 16 19 16
4 20 16 17 17 17
5 20 15 18 19 15
6 19 17 19 20 15
7 18 13 20 16 14
8 17 16 21 19 13
9 16 13 22 20 16
10 21 20 25 17 15
11 18 17 24 20 17
12 20 17 25 18 16
13 18 16
T o ta l number o f seeds = 459
Mean number o f seeds p e r cone = 18 ,4
T o ta l number o f f u l l  seeds = 381
Mean number o f f u l l  seeds per cone = 15*2
Percentage o f f u l l  seeds p e r cone = 83*0
3SS
Table Ghamaecyparis lawsonlana. Ch 57*
Seed setting in the cross Ch 57 x Ch 81, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 15 10 14 20 13
2 15 11 15 20 12
3 21 15 16 12 9
4 13 8 17 15 14
5 19 15 18 14 12
6 17 11 19 16 11
7 14 11 20 12 10
8 11 10 21 20 15
9 16 11 22 17 11
10 19 11 23 16 12
11 14 12 24 20 14
12 16 11 25 14 12
13 19 12
T o ta l ninuber o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage of full seeds per cone
406
16.2
293
11.7
72.2
3S’C
Table 4- • Chaiaaecyparis lawsonlana. Ch 59*
Seed setting in self-pollinated cones, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 18 0 14 16 0
2 12 0 15 17 0
5 16 0 16 19 0
4 18 0 17 20 0
5 14 0 18 13 0
6 20 0 19 16 0
7 16 0 20 22 0
8 20 0 21 20 0
9 20 0 22 15 0
10 14 0 23 20 0
11 18 0 24 19 0
12 12 0 25 20 0
15 17 0
T o ta l number o f seeds = 440
Mean number o f ,seeds p e r cone = 17 .6
T o ta l number o f f u l l  seeds 0
Mean number o f f u l l  seeds per cone 0
Percentage o f f u l l  seeds per cone 0
S5J
Cone
No.
Ceed s e ttin g  in  o p e n -p o llin a te d  cones, 1962
T o ta l Number T o ta l Number 
number o f o f f u l l  Cone number o f o f f u l l  
seeds seeds No. seeds seeds
1 18 2 14 15 2
2 16 1 15 14 0
5 16 0 16 16 0
4 20 5 17 13 2
5 14 1 18 18 4
6 17 0 19 16 0
7 12 2 20 20 3
8 14 0 21 20 3
9 19 1 22 12 0
10 17 3 23 17 1
11 17 3 24 16 3
12 19 1 25 17 1
13 14 0
T o ta l number o f seeds = 407
Mean number o f seeds p e r cone 16.3
T o ta l number o f f u l l  seeds = 35
Mean number o f f u l l  seeds pe r cone = 1 .4
P ercentage o f f u l l  seeds pe i’ cone => 8 .6
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Table . Ghamaecyparis laweoniana. Ch. 59«
Seed setting in the cross Ch 59 x Ch 55* 1962
Cone
No.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
Gone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 16 8 14 18 14
2 IS 11 15 14 11
3 20 14 16 12 11
4 18 14 17 16 11
5 15 13 18 16 12
6 16 11 19 20 17
7 13 9 20 19 15
8 20 13 21 17 12
9 17 13 22 16 12
10 17 14 23 19 14
11 15 10 24 17 13
12 19 10 25 19 11
13 17 10
T o ta l number o f seeds sa 422
Mean number o f seeds per cone = 16.9
T o ta l number o f f u l l  seeds = 305
Mean number o f f u l l  seeds per cone 12.1
I ’e rcentage  o f f u l l  seeds pe r cone as 71 .8
ISCf
Table /é/ • Chaiaaecyparis lawsonlana. Ch 59*
Seed setting in the cross Ch 59 x Ch 61, 1962.
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l
Ho. seeds seeds
T o ta l number o f seeds = 417
Mean number o f seeds per cone = 16.7
T o ta l number o f f u l l  seeds = 353
Mean number o f f u l l  seeds per cone = 13.3
P ercentage o f f u l l  seeds per cone => 79 .7
1 16 15 14 18 17
2 17 16 15 15 10
3 13 11 16 13 11
4 20 18 17 18 15
5 21 15 18 15 9
6 12 10 19 20 16
7 16 13 20 15 11
8 20 13 21 18 17
9 14 8 22 14 9
10 20 16 23 17 15
11 19 14 24 13 11
12 20 14 25 20 15
13 17 14
?le !é> S Chamas c y p a rls  law son lana . Oh 59.
Seed :s e ttin g  in  th e  cross: Ch 59 X Ch 72, 1962.
Cone
Ho.
T o ta l 
number o f 
seeds
number 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 16 15 14 16 14
2 17 15 15 18 18
3 20 20 16 13 12
4 17 13 17 18 15
5 20 18 18 13 12
6 18 14 19 17 11
7 16 11 20 19 17
8 20 18 21 18 17
9 19 18 22 18 16
10 16 11 23 16 12
11 18 16 24 20 16
12 17 12 25 15 11
13 14 10
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 431 
= 17.2
=  362 
14.5  
=5 8 4 .0
Table . Oharoaecyparig lawGoriiana, Ch 59*
Seed setting in the cross Ch 59 % Ch 81  ^ 1962,
T o ta l Number 
Cone lum ber o f o f f u l l  
îTo. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 20 0 14 15 10
2 16 11 15 19 a
3 19 11 16 18 8
4 20 14 17 19 9
5 24 13 18 14 7
6 19 10 19 16 9
? 15 3 20 18 10
8 17 7 21 19 8
9 19 8 22 13 4
10 18 9 23
11 10 3 24 mm
12 9 2 25
13 20 9
T o ta l number o f seeds = 377
Mean number o f seeds p e r cone = 17.1
T o ta l number o f f u l l  seeds = 186
Mean number o f f u l l  seeds pe r cone = 8 ,5
Percentage of full seeds per cone 49# 3
3Ct
Seed s e ttin g  in . s e lf-p o llin a te d  cones, 1962.
Cono
Mo.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Hinaber 
o f f u l l  
seeds
1 20 4 14 17 0
2 15 0 15 18 1
3 15 3 16 20 2
4 20 2 17 20 1
5 14 1 18 12 0
5 17 3 19 17 1
7 14 1 20 12 2
8 19 2 21 13 1
9 16 0 22 20 3
10 18 2 23 15 0
11 23 2 24 18 2
12 19 1 25 14 0
13 20 3
T o ta l number o f seeds = 426
Mean number o f seeds per cone *  17.04
T o ta l. number o f f u l l  seeds = 37
Mean number o f f u l l  seedsi pe r cone = 1 .48
P ercentage o f f u l l  seeds per cone 8 .7
21^3
Table /•?/• Chamaec.TParis lawsonlana. Ch 61.
■,2f
Seed setting in open-pollinated cones, 1962.
Total Humber 
Cone number of of full 
Ho. seeds seeds
Total Humber 
Cone number of of full 
Ho. seeds seeds
1 19 2 14 20 10
2 16 6 15 15 9
5 20 8 16 14 6
4 20 8 17 17 0
5 17 4 18 18 10
6 17 7 19 20 9
7 19 0 20 19 8
8 16 8 21 21 8
9 19 2 22 19 5
10 19 4- 23 11 5
11 18 4- 24 20 9
12 18 15 25 19 5
13 17 2
T o ta l number o f seeds 448
Mean number o f seeds per cone =% 17.92
T o ta l number o f f u l l  seeds 152
Mean number o f f u l l  seeds per cone 6 .08
Percentage o f f u l l  seeds per cone 33 .9
Table Chagiaecyparis lawsoniana, Ch 61.
Seed s e ttin g  in  th e  cro ss Ch 61 x  Oh 52, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 20 9 14 15 13
2 19 17 15 21 16
3 20 14 16 19 10
4 20 14 17 20 16
5 23 19 18 19 14
6 16 13 19 21 15
7 20 17 20 22 17
8 19 17 21 20 12
9 20 16 22 17 11
10 16 11 23 20 14
11 20 15 24 17 11
12 21 16 25 16 14
13 16 15
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage o f f u l l  seeds per cone
= 477 
19.08 
= 356 
14.24 
= 74 .6
3is
Seed s e t;tin g  in  th e  c ro ss  Ch 61 x  Ch. 53, 1
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 26 16 14 19 16
2 17 13 15 20 18
3 24 24 16 18 15
4 21 19 17 19 15
5 15 10 18 23 20
6 19 19 19 19 18
7 19 14 20 16 15
8 20 18 21 18 14
9 20 19 22 16 13
10 16 13 23 19 14
11 20 17 24 20 18
12 22 21 25 20 17
13 17 13
T o ta l number o f seeds » 483
Mean number o f seeds per cone = 19.32
T o ta l number o f f u l l  seeds = 409
Mean number o f f u l l  seeds per cone = 16.36
P ercentage o f f u l l  seeds per cone = 84 .7
ÜÉ.
Table Ghamaecyparis lawsoniana. Ch 61.
Seed s e ttin g  in  the  c ro ss  Ch 61 x Ch 54» 1962
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 18 13 14 20 19
2 16 16 15 18 13
3 13 10 16 19 14
4 20 18 17 16 15
5 20 18 18 15 12
6 19 14 19 20 18
7 18 16 20 19 15
8 19 18 21 20 17
9 18 15 22 18 15
10 16 13 23 18 16
11 20 20 24 19 19
12 17 15 25 17 16
13 14 14
T o ta l number o f seeds = 447
Mean number o f seeds per cone = 17.88
T o ta l number o f f u l l  seeds = 389
Mean number o f f u l l  seeds per cone = 15.56
\
Percentage of full seeds per cone 87.0
'\
I
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Table Z/5'. Chasiaecyparis lawsoniana< Ch 61.
Seed setting in the cross Ch 61 x Ch 55» 1962.
T o ta l ITnmber 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 19 16 14 15 12
2 19 17 15 17 14
3 20 18 16 20 18
4 19 16 17 16 13
5 13 11 18 20 19
6 14 11 19 20 18
7 20 18 20 19 19
8 20 18 21 19 16
9 20 20 22 20 17
10 20 19 23 15 12
11 19 13 24 20 19
12 14 13 25 14 11
13 12 9
T o ta l number o f seeds 444
Mean number o f seeds per cone S 17.76
T o ta l number o f f u l l  seeds 3 387
Mean number o f f u l l  seeds per cone 3 15.48
Percentage o f f u l l  seeds per icone 3 87.2
3Cb
Table Ghamaecyparis law son iana . Ch 61.
Seed s e ttin g  in  the  cross Ch 61 X Ch 56, 1962.
T o ta l Number T o ta l Number
Cone number o f o f f u l l Cone number o f o f f u l l
No. seeds seeds No. seeds seeds
1 23 21 14 18 17
2 19 15 15 21 18
3 14 13 16 21 19
4 19 19 17 20 16
5 17 16 18 15 14
6 20 17 19 19 19
7 18 16 20 18 17
8 17 17 21 18 16
9 15 14 22 16 13
10 16 14 23 20 20
11 21 21 24 18 16
12 14 13 25 19 18
13 18 15
T o ta l number o f seeds = 454
Mean number o f seeds per cone = 18. 16
T o ta l number o f f u l l  seeds = 414
Mean number o f f u l l  seeds p e r cone 16.56
Percentage o f f u l l  seeds pe r cone = 91.2
Table ■ Chamaecyparls lawsoniaaa. Ch 61.
Seed setting in the cross Ch 61 x Ch 57, 1962.
T o ta l Number 
Cone number o f o f f u l l  
Wo. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 19 16 14 18 18
2 20 19 15 16 14
3 21 20 16 20 18
4 21 19 17 16 15
5 18 18 18 20 19
6 20 17 19 21 18
7 18 16 20 20 18
8 19 18 21 18 17
9 20 20 22 19 19
10 15 15 23 20 19
11 20 18 24 18 18
12 19 19 25 15 14
13 19 19
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage o f f u l l  seeds p e r cone
= 470 
= 18.80 
= 441
= 17.64
= 93.8
3^.0
ï aMe . Chanaecyparis lawsonlana. Ch 61.
Seed settinp; in the cross Ch 61 z Ch 591 1962.
T o ta l Humber 
Cone number o f o f f u l l
T o ta l Humber 
Cone number o f o f f u l l
IÎO. seeds seeds Ho. seeds seeds
1 19 19 14 15 14
2 16 16 15 17 14
3 16 15 16 20 18
4 17 16 17 17 15
5 19 14 18 16 15
6 19 17 19 19 15
7 17 17 20 17 16
8 16 10 21 14 12
9 12 10 22 18 18
10 15 11 25 15 14
11 14 14 24 19 17
12 19 19 25 20 18
15 16 14
T o ta l number o f seeds 3t 420
Mean number o f seeds p e r cone a 16.80
T o ta l number o f f u l l  seeds » 578
Mean. number o f f u l l  seeds pe r cone =s 15.12
P ercentage o f f u l l  seeds p e r «zone =8 90 .0
J7/
Table Ohamaeeyparis lavifsordana, Ch 61.
Seed setting in the cross Ch 61 x Ch 62, 1962
T o ta l number 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 17 16 14 15 12
2 26 17 15 19 18
3 19 18 16 17 16
4 13 16 17 18 17
5 15 13 18 20 19
6 19 18 19 16 16
7 19 14 20 19 15
8 19 16 21 19 17
9 19 18 22 16 14
10 16 15 25 13 12
11 16 14 24 15 12
12 12 11 25 19 17
13 16 15
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage o f f u l l  seeds per cone
= 455 
= 17.40
= 386 
= 15.44
= 84.1
3^
Table /SO. Chaaaecyparis lav?soaiana. Oh 61.
Seed setting in the cross Ch 61 x Ch 72, 1952
Cone T o ta l Humber
Ho. number o f o f f u l l
Cone T o ta l Humber
Ho. number o f o f f u l l
seeds seeds seeds seeds
1 18 14 14 20 16
2 17 12 15 19 16
3 21 18 16 20 15
4 17 17 17 19 17
5 20 15 18 20 17
6 20 13 19 16 13
7 21 19 20 20 20
8 14 11 21 17 16
9 16 7 22 20 19
10 20 17 23 16 11
11 17 12 24 19 16
12 16 12 25 20 18
13 20 18
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage o f f u l l  seeds per cone
= 463 
= 18.52 
= 379 
= 15.15
= 81 .9
3^ 3
Table /^/. Ghaiuaec.yparis lawsoniana. Ch 61.
Seed setting in the cross Ch 61 x Ch 81, 1952.
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 16 13 14 17 14
2 20 19 15 20 19
5 15 12 16 16 13
4 21 20 17 17 14
5 17 16 18 18 17
6 16 16 19 20 16
7 20 15 20 21 19
8 15 14 21 22 15
9 16 10 22 20 17
10 22 20 23 17 16
11 24 16 24 19 18
12 20 20 25 20 18
13 20 18
T o ta l number o f seeds = 469
Mean number o f seeds per cone ... S3 18,76
T o ta l number o f f u l l  seeds ss 405
Mean number o f f u l l  seeds per cone 16.20
Percentage o f f u l l  seeds per izone ss 86 .4
J74
Table /S/- Ohamaeeyparis lawsoniaaa. Ch 61.
Seed setting in the cross Ch 61 x Ch 82, 1962,
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone numbex' o f o f f u l l  
Ho. seeds seeds
1 19 15 14 21 20
2 23 20 15 20 19
3 20 19 16 16 15
4 20 18 17 23 21
5 20 18 ' 18 20 17
6 14 13 19 16 15
7 23 21 20 19 17
8 19 18 21 20 18
9 19 17 22 17 16
10 20 19 23 19 13
11 20 16 24 19 16
12 19 17 25 17 15
13 16 16
T o ta l number o f seeds ss 479
Mean number o f seeds per cone ss 19.16
T o ta l number o f f u l l  seeds ss 434
Mean number o f f u l l  seeds p e r cone ss 17.36
Percentage o f f u l l  seeds per cone a 90 .6
370
Table /<^ 3. Chamaecyparls law'soniana. Ch 61.
Seed setting in the cross Ch 61 x Ch 85, 1962.
T o ta l Number 
Cone number o f o f f u l l
T o ta l Number 
Cone number o f o f f u l l
No. seeds seeds No. seeds seeds
1 18 15 14 15 12
2 21 16 15 18 17
3 19 15 16 20 18
4 15 11 17 16 13
5 20 19 18 19 15
6 13 11 19 20 18
7 20 18 20 17 16
8 19 17 21 20 15
9 20 17 22 15 15
10 20 19 23 19 17
11 20 20 24 19 17
12 20 18 25 17 14
13 19 19
T o ta l number o f seeds SS 459
Mean number o f seeds per cone s 18.36
T o ta l number o f f u l l  seeds ss 400
Mean number o f f u l l  seeds per cone 16 .0
Percentage o f f u l l  seeds per cone =% 87.1
37C
Table • Ohamaeeyparis lawsooiana. Ch 61.
Seed setting in the cross Ch 61 x Oh 91» 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 20 13 14 16 15
2 19 19 15 12 12
3 16 16 16 20 19
4 19 18 17 17 15
5 17 15 18 20 19
6 19 18 19 17 16
7 18 16 20 13 13
8 13 11 21 19 19
9 16 14 22 17 16
10 20 19 23 15 13
11 19 18 24 18 17
12 18 18 25 18 16
13 16 13
T o ta l number o f seeds
Mean number o f seeds per cone
Totsd number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 432
17.28 
= 398
= 15.92
= 92.1
3 7 7
Table Chamaecyparis lawsoniana. Ch 61.
Seed setting in the cross Ch 61 x Oh 92, 1962,
T o ta l Number 
Cone number o f o f f u l l
No. leeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 20 16 14 16 14
2 19 18 15 19 17
3 14 11 16 12 12
4 20 18 17 14 13
5 16 13 18 20 16
6 16 15 19 15 12
7 17 17 20 16 14
3 11 11 21 12 12
9 18 16 22 13 15
10 17 17 23 20 19
11 19 19 24 17 15
12 12 12 25 15 13
13 19 18
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
P ercentage o f f u l l  seeds per cone
= 412 
= 16.48
» 573
14.92
90.5
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Table Ghamaec.rparis lawsoaiana. Ch 61,
Seed setting in the cross Ch 61 x Ch 93', 1962.
T o ta l Number 
Cone number o f o f f u l l
T o ta l Number 
Cone number o f o f f u l l
No. seeds seeds No. seeds seeds
1 15 12 14 20 19
2 16 15 15 18 17
3 28 28 16 14 13
4 12 11 17 19 17
5 26 25 18 17 16
6 20 18 19 25 23
7 20 20 20 20 19
8 17 14 21 21 20
9 21 20 22 19 18
10 21 21 23 19 17
11 18 17 24 20 17
12 13 13 25 15 14
13 20 17
T o ta l number o f seeds = 474
Mean number o f seeds per cone = 18.96
T o ta l number o f f u l l  seeds = 441
Mean number o f f u l l  seeds per cone = 17.64
Percentage of full seeds per cone 93.0
3?f
Table /($’/. Ohamaecypari a lawsonlana, Ch 61.
Seed s e ttin g  in  the  cross Ch 61 x  Ch 94, 1962
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 19 15 14 16 15
2 19 15 15 20 15
3 19 16 16 20 15
4 18 17 17 20 18
5 16 13 18 16 14
6 21 19 19 15 14
7 18 14 20 17 16
8 23 15 21 19 16
9 15 12 22 20 18
10 18 17 23 20 15
11 18 11 24 16 14
12 20 18 25 19 14
13 19 17
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage of full seeds per cone
= 461
18.44 
=  381 
15.24 
82.6
ISO
Table JSS. Ohamaeeyparis law son iana , Ch 61.
Seed s e ttin g  in  th e  cro ss Ch 61 x  Ch 95» 1
T o ta l ÎTpmber T o ta l Number 
Cone num ter o f o f f u l l  Cone number o f o f f u l l  
No. seeds seeds No, seeds seeds
1 18 17 14 20 17
2 20 14 15 20 19
3 16 10 16 15 14
4 20 20 17 19 13
5 19 18 18 20 18
6 20 19 19 18 15
7 20 19 20 22 19
8 18 16 21 17 15
9 20 18 22 19 16
10 24 21 25 20 18
11 20 ' 19 24 19 17
12 16 14 25 16 12
13 19 17
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage o f f u l l  seeds p e r cone
= 475 
= 19.0 
= 415
16.60
= 87.4
SS!
Table Chamaec.y-pgris lawsoniana# Ch 62.
Seed setting in self-pollinsted cones^ 1962
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 24 1 14 25 0
2 29 0 15 21 0
3 24 0 16 26 0
4 16 0 17 28 1
5 25 2 18 25 0
6 25 0 19 19 0
7 24 0 20 25 0
8 20 1 21 24 0
9 21 0 22 22 0
10 31 0 23 30 0
11 22 0 24 24 0
12 24 0 25 25 0
15 25 2
T o ta l number o f seeds = 600
Mean number o f seeds per cone = 24*0
T o ta l number o f f u l l  seeds -  7
Mean number o f f u l l  seeds pe r cone « 0*5
Percentage o f f u l l  seeds per cone = 1*2
3S2.
Table 1^0. Chamaecyparis law son iana. Ch 62.
Seed s e ttin g  in  o p e n -p o llin a te d  cones, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
1 23 10 14 24 8
' 1 2 24 7 15 24 6
' 3 18 7 16 20 4
4 23 3 17 21 6
5 26 9 18 23 5
6 20 8 19 15 5
7 21 6 20 18 5
8 24 8 21 22 7
9 29 11 22 20 7
10 22 6 23 26 8
11 20 6 24 19 7
' V 12 23 9 25 24 8
: 13 29 8
T o ta l number o f seeds » 558
Mean number o f seeds pe r cone -  22 .3
T o ta l number o f f u l l  seeds » 174
Mean number o f f u l l  seeds p e r cone 7 .0
Percentage o f f u l l  seeds p e r cone » 31.2
3?3
Table /f/. Chamaecyparis lawsonlaaa, Ch 62,
Seed setting in the cross Ch 62 x Ch 55» 1962,
T o ta l Humber 
Cone number o f o f f u l l  
Ho, seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 28 19 14 26 22
2 25 22 15 18 16
5 24 20 16 24 21
4 29 15 17 23 21
5 23 18 18 26 23
6 27 23 19 21 20
7 20 19 20 25 23
8 18 17 21 24 21
9 24 18 22 26 23
10 24 17 23 20 19
11 23 16 24 22 20
12 18 13 25 25 23
13 22 20
T o ta l number o f seeds
Mean number o f seeds per cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage o f f u l l  seeds per cone
585
2 3 .4
489
19.6
83.6
Table /fZ. Chamaecyparls lawsoniana, Ch 62,
Seed setting in the cross Ch 62 x Ch 61, 1962,
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 26 18 14 23 20
2 23 17 15 24 19
3 18 16 16 20 20
4 22 12 17 22 22
5 25 12 18 19 16
6 20 17 19 22 21
7 25 18 20 24 10
8 22 18 21 22 13
9 20 12 22 20 19
10 17 12 23 25 21
11 21 21 24 22 12
12 24 22 25 19 17
13 24 17
T o ta l number o f seeds » 547
Mean number o f seeds pe r cone = 21 .9
T o ta l number o f f u l l  seeds =. 422
Mean number o f f u l l  seeds1 per cone( = 16.9
Percentage o f f u l l  seeds per cone > 77.2
}
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Table / f ^ .  Chamaecyparis law son iana. Ch 62.
Seed s e ttin g  in  the cross Ch 62 X Ch 72, 1962.
Cone
Ho.
T o ta l 
number o f 
seeds
Humber
o f f u l l  Cone 
seeds No.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
1 22 18 14 22 12
2 20 15 15 20 19
3 24 21 16 25 23
. 4 20 20 17 20 19
5
1
25 22 18 22 19
6 26 23 19 24 24
7 26 22 20 26 23
8 20 20 21 21 18
g 18 11 22 26 21
10 22 17 23 23 15
11 25 25 24 20 18
12 23 13 25 23 22
13 23 17
T o ta l number o f seeds » 566
Mean number o f seeds per cone = 2 2 .6
T o ta l number o f f u l l  seeds = 477
Mean number o f f u l l  seeds per cone 19.1
Percentage o f f u l l  seeds p e r icone = 84.3
Table /ff - Ohamaeeyparis lawsoniana* Ch 62.
Seed setting in the cross Ch 62 x Ch 81, 1962.
Total Humber 
Cone number of of full 
Ho. seeds seeds
1 28 26
2 25 23
3 26 17
4 22 18
5 23 19
6 21 16
7 18 14
8 20 18
9 20 19
10 21 15
11 26 19
12 20 19
13 24 21
Total number of seeds 
Mean number of seeds per cone 
Total number of full seeds 
Mean number of full seeds per cone 
Percentage of full seeds per cone
Cone
No.
Total Number 
number of of full 
seeds seeds
14 23 19
15 21 16
16 20 18
17 22 15
18 25 18
19 22 20
20 20 17
21 19 14
22 21 17
23 20 17
24 24 22
25 21 18
= 552 
= 22» 
*  455
.1
18.2
82.4
387
Table f^S. Chamaecyparis lawsoniana. Ch 72,
Seed setting in seIf-pollinated cones, 1952.
T o ta l Humber T o ta l
Cone number o f o f f u l l
Humber
Cone number o f o f f u l l
No. seeds seeds Ho. seeds seeds
1 20 2 14 18 3
2 20 2 15 12 0
3 18 0 16 20 4
4 14 0 17 18 0
5 17 1 18 12 0
6 20 2 19 19 ' 0
7 14 0 20 18 1
8 23 1 21 18 2
9 20 1 22 18 2
10 16 0 23 17 0
11 16 2 24 20 5
12 19 2 25 20 4
13 20 0
T o ta l number o f seeds = 447
Mean number o f seeds p e r cone = 17.88
T o ta l number o f f u l l  seeds ■ = 34
Mean number o f f u l l  seeds per cone = 1 .36
Percentage o f f u l l  seeds p e r cone = 7 .6
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Table Chamaec.ypariB lawsoniana. Ch 72.
Seed setting in open-pollinated cones, 1962
T o ta l Number 
Cone number o f o f f u l l
T o ta l Number 
Cone number o f o f f u l l
No. seeds seeds No. seeds seeds
1 19 8 14 19 2
2 19 4 15 17 2
5 15 7 16 14 5
4 20 4 17 19 4
5 20 5 18 21 6
6 13 3 19 12 2
7 18 2 20 21 5
8 16 4 21 14 2
9 15 5 22 19 4
10 20 4 23 17 4
11 20 1 24 14 4
12 20 4 25 20 2
13 16 7
T o ta l number o f seeds = 4-38
Mean number o f seeds p e r cone = 17*5
T o ta l number o f f u l l  seeds =* 98
Mean number o f f u l l  seeds p e r cone = 3»9
Percentage o f f u l l  seeds p e r cone = 22*4
3 89
in  th e  cro ss Ch 72 x  Ch 52, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 22 8 14 19 7
2 18 9 15 10 3
5 15 7 16 19 9
4 19 9 17 13 2
5 17 4 18 13 4
6 18 6 19 18 6
7 18 6 20 14 6
8 16 4 21 18 8
9 15 6 22 20 9
10 15 7 23 20 8
11 19 9 24 15 5
12 18 8 25 16 5
13 15 4
Total number of seeds
Mean number of seeds per cone
Total number of full seeds
Mean number of full seeds per cone
Percentage of full seeds per cone
420
16.8
159
6 .4
57^9
390
Table / f S . Chamaecyparis lawsoniana. Ch 72. Seed
setting in the cross Ch 72 x Ch 55, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Gone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 20 14 14 20 16
2 16 14 15 21 15
3 15 12 16 20 17
4 14 11 17 20 16
5 15 12 18 18 16
6 22 18 19 18 15
7 20 16 20 19 18
8 20 11 21 20 15
9 16 9 22 14 12
10 19 10 23 17 11
11 21 12 24 18 16
12 16 11 25 20 18
15 18 17
T o te il number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds per cone
Percentage of full seeds per cone
453
18.12
352
14.08
77.7
39!
Table / f f . Chamaecyparis lawsoniana. Ch 72* Seed
setting in the cross Ch 72 x Ch 54, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 18 15 14 20 16
2 20 17 15 18 15
5 18 16 16 15 11
4 12 10 17 15 14
5 9 5 18 19 17
6 17 11 19 16 15
7 12 12 20 14 12
8 14 14 21 18 15
9 12 11 22 16 11
10 19 17 23 15 13
11 i7 16 24 14 12
12 14 13 25 19 17
15 14 12
T o ta l number o f seeds = 393
Mean number o f seeds per cone = 15.72
T o ta l number o f f u l l  seeds = 335
Mean number o f f u l l  seeds pe r cone = 13 .4
P ercentage o f f u l l  seeds per cone = 85 .2
191
Table 2 ù ô ,  Chamaecyparis lawsoniana. Ch 72. Seed
Betting in the cross Ch 72 x Ch 55» 1962.
T o ta l Number Total Number \.
Cone
No.
number o f 
seeds
o f f u l l  
seeds
Cone
No.
number o f o f f u l l  
seeds seeds
1 19 12 14 12 8
2 20 18 15 16 10
3 19 15 16 20 11
4 19 8 17 16 9
5 20 15 18 19 12
6 17 14 19 16 12
7 11 8 20 12 9
8 15 12 21 20 18
9 21 16 22 19 14
10 21 18 23 21 19
11 21 17 24 18 14
12 17 12 25 16 10
13 18 10
T o ta l number o f seeds 3 443
Mean number o f seeds per cone = 17.72
T o ta l number o f f u l l  seeds 3 321
Mean number o f f u l l  seeds p e r cone S3 12.84
Percentage o f f u l l  seeds pe r cone a 7 2 .5
I
Sf3
Table Z D /. Chamaecyparis lawsoniana. Ch 72. Seed
setting in the cross Ch 72 x Ch 56, 1962.
T o ta l Number T o ta l Number
Cone
No.
number o f 
seeds
o f f u l l  
seeds
Cone
No.
number o f 
seeds
o f f u l l  
seeds
1 20 8 14 15 10
2 19 9 15 15 9
3 17 14 16 19 8
4 20 11 17 16 8
3 16 9 18 20 11
6 19 11 19 18 9
7 20 10 20 18 8
8 18 11 21 20 9
9 17 10 22 15 7
10 18 10 23 16 9
11 20 9 24 14 7
12 16 9 25 19 10
13 14 7
T o ta l number o f seeds = 437
Mean number o f seeds per cone 17.48
T o ta l number o f f u l l  seeds = 233
Mean number o f :f u l l  seeds per cone 9.52
Percentage o f f u l l  seeds per cone = 53. 3
Table 202. . Chamaecyparis lawsoniana. Ch 72. Seed
setting in the cross 72 c Ch 57» 1962.
T o ta l Number T o ta l Number
Gone
No.
number o f o f f u l l  
seeds seeds
Cone
No.
number o f 
seeds
o f f u l l  
seeds
1 20 15 14 16 12
2 15 15 15 18 15
5 16 13 16 18 17
4 19 17 17 19 16
5 22 20 18 18 17
6 19 16 19 18 17
7 17 14 20 20 20
8 12 10 21 19 18
9 18 15 22 16 13
10 20 16 23 18 16
11 20 19 24 18 17
12 16 12 25 20 18
13 19 19
T o ta l number o f seeds = 451
Mean number o f seeds p e r cone = 18.04
Totsd number o f f u l l  seeds = 597
Mean number o f f u l l  seeds pe r cone = 15.88
t
Percentage o f f u l l  seeds p e r cone = 8 8 .0
Table 2.0 3. Chamaee.yparis lawsoaiana, Ch 72. Seed
setting in the cross Ch 72 x Ch 59» 19&2,
T o ta l Enmber 
Cone nuTnber o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l
Ho. seed! seeds
1 12 9 14 21 13
2 17 14 15 20 17
5 19 15 16 13 12
4 16 10 17 15 13
5 12 10 18 20 18
6 18 11 19 20 17
7 14 8 20 19 18
8 16 8 21 19 17
9 20 17 22 20 18
10 19 12 23 14 12
11 21 16 24 18 15
12 13 11 25 13 12
13 20 18
T o ta l number o f seeds a 429
Mean number o f seeds p e r cone 17.15
T o ta l number o f f u l l  seeds a 546
Mean number o f f u l l  seeds p e r cone =8 13.84
Percentage o f f u l l  seeds per cone =S 80.6
Table 2  0if. Phamaecyparis lav.'soràana, Ch 72. Seed
setting in the cross Ch 72 x Ch 61, 1962.
Total Humber 
Cone number of of full
Total Humber 
Cone number of of full
Ho. seeds seeds Ho. seeds seeds
1 20 8 14 19 8
2 16 9 15 18 11
3 17 11 16 20 11
4 19 11 17 17 9
5 17 9 18 15 9
6 20 10 19 19 7
7 17 9 20 20 8
8 17 9 21 20 9
9 13 4 22 17 10
10 20 10 23 17 9
11 20 10 24 18 12
12 16 13 25 15 10
13 20 6
T o ta l number o f seeds a 447
Mean number o f seeds p e r cone rat 17.88
T o ta l number o f f u l l  seeds S3 232
Mean number o f f u l l  seeds pe r cone ss 9 .28
Percentage o f f u l l  seeds per cone a t 51.9
Table 3 0 5 .  Phamaecyparis lawson3.aaa. Ch 72. Seed
setting in the cross Ch 72 x Ch 62, 1962*
Total Humber Total Humber
Cone
Ho.
number o f 
seeds
o f f u l l  
seeds
Cone
Ho.
number o f 
seeds
o f f u l l  
seeds
1 20 11 14 12 7
2 17 2 15 15 7
3 18 3 16 18 9
4 20 7 17 19 5
5 20 6 18 13 6
6 18 4 19 19 6
7 20 7 20 16 5
8 13 4 21 20 7
9 19 6 22 20 8
10 15 8 23 15 7
11 20 9 24 19 6
12 17 8 25 19 8
13 17 8
T o ta l number o f seeds = 439
Mean number o f seeds p e r cone = 17.56
T o ta l number o f f u l l  seeds » 164
Mean number o f f u l l  seeds p e r cone 6 .56
Percentage o f f u l l  seeds pe r cone = 3 7 .4
i f  s
Table 26  . ChsLmaec.yparis lawsordaria. Ch 72. Seed
setting in the cross Ch 72 x Ch 81, 1952.
T o ta l Number 
Cone number o f o f f u l l
T o ta l Number 
Cone number o f o f f u l l
No. seeds seeds No. seeds seech
1 16 11 14 19 12
2 19 12 15 20 13
3 20 15 16 20 12
4 12 7 17 18 11
5 18 12 18 16 12
6 19 15 19 14 9
7 20 12 20 16 11
8 18 12 21 20 12
9 14 9 22 18 12
10 16 8 23 16 9
11 16 9 24 20 13
12 17 11 25 19 13
13 20 14
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
= 441
= 17.64
= 284 
= 11.36 
a 6 4 .4
Table 2.0 J.. Chatnaec.Tparls lawsoniana. Ch 72. Seed
setting in the cross Ch 72 x Ch 82, 1962.
Total Humber 
Cone number of of full 
Ho. seeds seeds
Total Number 
Cone number of of full 
Ho. seeds seeds
1 19 9 14 18 11
2 20 4 15 16 7
3 12 G 16 15 5
4 20 10 17 19 6
5 11 6 IS 14 12
6 14 3 19 18 9
7 19 3 20 16 6
8 20 7 21 20 5
9 20 4 22 21 5
10 21 4 25 18 9
11 20 15 24 16 6
12 20 11 25 18 9
13 20 14
Total number of seeds
Mean number of seeds per cone
Total number of full seeds
ivlean number of full seeds per cone
Percentage of full seeds per cone
= 445 
=  17.8 
= 186
7.44
= 4-1,8
J/.00
Table 3 0  3. Chainaecyparis lawsoniana. Ch 72. Seed
setting in. the cross Ch 72 x Gh 85, 1962.
T o ta l Humber T o ta l Humber
Gone
Ho.
number o f 
seeds
o f f u l l  
seeds
Cone
No.
number o f o f f u l l  
seeds seeds
1 20 15 14 15 4
2 19 14 15 19 7
3 16 9 16 18 9
4 13 5 17 12 6
5 20 9 18 20 3
6 19 6 19 20 4
7 20 5 20 20 7
8 13 5 21 14 6
9 16 1 22 21 4
10 15 5 23 18 8
11 20 4 24 20 4
12 21 1 25 15 6
13 19 2
T o ta l number o f seeds = 443
Mean number o f iseeds p e r cone = 17.72
T o ta l number o f f u l l  seeds = 149
Mean number o f f u l l  seeds per cone 5.96
Percentage o f f u l l  seeds per cone » 33.6
if-û I
Table 2 . 0 Chamaec.Tparir; lar/sonlaria. Ch 72.
Seed setting in the cross Ch 72 x Ch 91, 1962.
T o ta l Number 
Cone number o f o f f u l l  
No.. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No.. seeds seeds
1 20 13 14 19 13
2 20 13 15 20 17
3 14 11 16 21 15
4 20 14 17 20 18
5 17 11 18 20 19
6 20 15 19 16 10
7 17 13 20 14 13
8 15 15 21 20 14
9 17 12 22 17 12
10 21 16 23 19 12
11 14 10 24 20 18
12 17 12 25 15 13
13 16 12
T o ta l number o f seeds ss 449
Mean number o f seeds per cone =s 17.96
T o ta l number o f f u l l  seeds 541
Mean number o f f u l l  seeds per cone 13.64
Pei’centage o f f u l l  seeds per i;one S3 75 .9
Table 210. Cba’Raec.yparic lawG oni sna. Ch 72,
Uoed s e ttin g - in  the  cross Ch 72 X  Ch 92, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
T o ta l 
Cone number o f 
Ho. seeds
Humber 
o f f u l l  
seeds
1 20 17 14 17 10
2 17 17 15 17 17
3 18 18 16 16 12
4 20 15 17 20 9
5 20 16 18 17 12
6 18 18 19 14 13
7 17 16 20 16 15
8 17 17 21 18 16
9 17 14 22 17 15
10 18 12 23 20 15
11 20 15 24 17 16
12 20 14 25 19 17
13 12 9
T o ta l number o f seeds =, 442
Mean number o f seeds per cone = 17.68
T o ta l number o f f u l l  seeds = 365
Mean number o f f u l l  seeds per cone 14. 60
Percentage o f f u l l  seeds per cone = 82. 6
xble 2 / / .  Chamaec.yparis law son lana . Ch 81.
Seed s e ttin g  in  s e lf-p o llin a te d  cones, 1962
Cone
Ho,
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
T o ta l 
Cone number o f 
No. seeds
Number 
o f f u l l  
seeds
1 24 1 14 17 1
2 15 1 15 19 1
5 18 2 16 11 2
4 15 4 17 21 1
5 18 5 18 16 0
6 20 0 19 19 4
7 16 0 20 12 1
8 16 2 21 20 3
9 17 2 22 16 1
10 12 1 25 13 0
11 16 1 24 18 2
12 18 5 25 , 19 1
15 19 3
T o ta l number o f seeds ,  423
Mean number o f iseeds pe r cone = 16.9
T o ta l number o f f u l l  seeds 40
Mean number o f :fu ]. l seeds per cone 1 .6
P ercentage o f f u l l  seeds per cone 9 .5
Seed s e ttin g  in  o p e n -p o llin a te d  cones, 1952.
Cone
Ho.
T o ta l 
number o f
seeds
Humber 
o f f u l l  
seeds
Cone
Ho.
T o ta l 
number o f 
seeds
Humber 
o f f u l l  
seeds
1 18 5 14 13 3
2 20 1 15 20 2
5 21 8 16 12 2
4 12 1 17 16 3
5 20 2 18 23 8
6 17 5 19 16 5
7 18 2 20 16 1
8 17 4 21 22 9
9 14 5 22 21 4
10 17 1 23 20 5
11 18 6 24 20 3
12 22 2 25 23 6
15 19 6
T o ta l number o f seeds = 455
Mean number o f seeds p e r cone = 18. 2
T o ta l number o f f u l l  seeds = 99
Mean number o f f u l l  seeds per• cone « 4"#0
Percentage o f f u l l  seeds per cone » 21. 8
Table Chamaec.ypai'ls lawsonlana. Ch 81.
Seed s e ttin g  in  th e  cross Ch 81 x  Ch 55, 1962.
T o ta l Humber 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Gone number o f o f f u l l  
No. seeds seeds
1 21 17 14 19 17
2 20 19 15 18 13
3 18 14 16 22 18
4 18 17 17 17 12
5 20 18 18 20 18
6 20 17 19 20 17
7 17 11 20 16 12
8 20 13 21 20 18
9 19 12 22 18 17
10 27 16 23 17 14
11 18 16 24 20 19
12 19 13 25 20 16
13 19 11
T o ta l number o f seeds
Mean number o f seeds p e r cone
T o ta l number o f f u l l  seeds
Mean number o f f u l l  seeds p e r cone
Percentage of full seeds per cone
483
19.3 
385
15.4
79.7
f-oC
Table 2ILf., chamaec.vparls lawsonlana. Ch 81.
Seed setting in the cross Ch 81 x Ch 61, 1962.
T o ta l Humber 
Gone number o f o f f u l l  
No. seeds seeds
T o ta l j?umber 
Cone number o f o f f u l l  
Ho. seeds seeds
1 20 16 14 21 15
2 22 19 15 20 12
5 20 13 16 14 11
4 20 14 17 16 11
5 19 17 18 20 14
6 25 13 19 20 17
7 18 15 20 18 14
8 20 16 21 20 14
9 20 15 22 21 17
10 16 11 23 16 12
11 26 18 24 20 15
12 20 14 25 18 13
13 21 13
T o ta l number o f seeds 489
Mean number o f seeds p e r cone =s 19.6
T o ta l number o f f u l l  seeds 559
Mean number o f f u l l  seeds pe r cone 9 14.4
Percentage of full seeds per cone 73.4
il-of.
Table 2 ) S . Chamaec.yparis lawsonlana. Ch 81.
Seed setting in the cross Ch 81 x Ch 72» 1962,
Total Number 
Cone number of of full 
No. seeds seeds
Total Number 
Cone number of of full 
No. seeds seeds
1 19 7 14 21 9
2 20 6 15 19 4
5 15 9 16 13 4
4 20 6 17 19 8
5 17 5 18 18 9
6 16 6 19 16 2
7 20 4 20 19 4
8 20 9 21 17 4
9 18 0 22 20 3
10 20 2 23 19 4
11 20 7 24 19 6
12 23 4 25 20 5
13 18 15
Total number of seeds a 466
Mean number of seeds per cone 18.6
Total number of full seeds = 140
Mean number of full seeds per cone 5 .6
Percentage of full seeds per (cone 30 .0
<j-os
Table Charaaecyparls lawsonlana. Ch 81.
Seed s e ttin g  in  the  cross Ch 81 x  Ch 82, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
Cone
No.
T o ta l 
number o f 
seeds
Ihimber 
o f f u l l
seeds
1 20 15 14 21 18
2 19 13 15 18 16
3 20 15 16 25 22
4 20 20 17 20 18
5 22 17 18 16 14
6 18 17 19 20 18
7 18 15 20 20 14
8 20 17 21 20 18
9 14 13 22 18 16
10 15 11 23 22 20
11 20 16 24 15 13
12 25 16 25 17 14
13 22 19
T o ta l number o f seeds =» 485
Mean number o f seeds p e r cone =■ 19.3
T o ta l number o f f u l l  seeds = 405
Mean number o f f u l l  seeds per cone = 16.2
Percentage o f f u l l  seeds p e r cone = 83.9
Table Chamaec.yparis lawsonlana. Ch 82.
Seed s e ttin g  in  s e lf-p o llin a te d  cones, 1962.
Total Humber T o ta l Number
Cone
No.
number o f 
seeds
o f f u l l  Cone 
seeds No.
number o f 
seeds
o f f u l l  
seeds
1 19 3 14 17 0
2 20 2 15 20 2
5 17 3 16 17 1
4 16 0 17 14 0
5 16 2 18 15 2
6 21 2 19 17 1
7 19 1 20 20 2
8 20 0 21 20 1
9 14 1 22 15 1
10 12 1 23 17 0
11 20 2 24 15 1
12 15 2 25 15 2
13 20 3
T o ta l number o f seeds = 431
Mean number o f seeds per cone = 17.2
T o ta l number o f f u l l  seeds = 35
Mean number o f f u l l  seeds per cone 1 .4
Percentage o f f u l l  seeds p e r (cone = 8 .1
if-lû
Table 2-18. chamaec.yparis lawsonlana. Ch 82,
Seed setting in open-pollinated cones, 1962.
Total Humber 
Cone number of of full 
No. seeds seeds
Total Humber 
Cone number of of full 
ÏÏO. seeds seeds
1 19 4- 14 17 5
2 19 2 15 17 1
5 20 6 16 15 0
4 20 6 17 17 1
5 19 4- 18 19 2
6 23 5 19 14 0
7 19 4- 20 13 1
8 15 7 21 16 1
9 20 4- 22 18 5
10 20 5 23 18 3
11 17 3 24 17 1
12 15 2 25 19 0
15 19 0
Total number of seeds = 447
Mean number of seeds per cone .  17*9
Total number of full seeds a 83
Mean number of full seeds per cone 3 .5
Percentage of full seeds per icone » 18.6
4//
Table Gb.amaec.ypai‘is lawsonlana, Ch 82.
Seed s e ttin g  in  the  cross Oh 82 x Ch 55, 1962.
T o ta l Number 
Cone number o f o f f u l l  
Ho. seeds seeds
T o ta l Humber 
Cone number o f o f f u l l  
No. seeds seeds
1 16 11 14 21 17
2 18 10 15 19 15
3 22 8 16 17 9
4 20 11 17 20 13
5 21 12 18 20 12
6 21 12 19 20 13
7 21 12 20 19 16
8 20 15 21 20 13
9 18 11 22 20 11
10 20 13 23 17 13
11 21 17 24 19 15
12 17 12 25 20 12
13 20 12
T o ta l number o f seeds = 487
Mean number o f seeds p e r cone = 19 .5
T o ta l number o f f u l l  seeds = 315
Mean number o f f u l l  seeds p e r cone =• 12,6
Percentage o f f u l l  seeds p e r cone = 54 .7
4 / 2
Table 2-Z-û. Chamaecyparls lawsonlana. Ch 82.
Seed setting in the cross Ch 82 x Ch 61, 1962*
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
T o ta l Number 
Cone number o f o f f u l l  
No. seeds seeds
1 19 6 14 18 7
2 18 10 15 17 7
3 20 8 16 20 6
4 20 8 17 17 6
5 14 4 16 19 5
6 18 5 19 9 6
7 12 2 20 12 4
8 20 7 21 18 6
9 20 11 22 20 11 •
10 20 8 23 18 7
11 21 6 24 18 6
12 18 7 25 12 4
15 19 4
Total number of seeds = 437
Mean number of seeds per cone = 17.5
Total number of full seeds = 159
Mean number of full seeds per cone = 6 .4
Percentage of full seeds per <cone = 36.4
7/J
Seed 1s e ttin g  in  the cross. Ch 82 X Ch 72, 1962.
Cone
No.
T o ta l 
number o f 
seeds
Number
o f f u l l  Cone 
seeds No.
T o ta l 
number o f 
seeds
Number 
o f f u l l  
seeds
1 14 7 14 16 9
2 19 11 15 20 13
3 20 8 IS 20 8
4 20 9 17 17 9
5 20 7 13 17 7
6 17 8 19 20 7
7 19 8 20 17 8
8 16 7 21 20 9
9 19 5 22 16 6
10 17 8 23 20 7
11 20 a 24 20 11
12 6 5 25 17 6
13 17 9
T o ta l number o f seeds = 454
Mean number o f seeds per cone 18.2
T o ta l number o f f u l l  seeds = 200
Mean number o f f u l l  seeds pe r cone 8. 0
P ercentage o f f u l l  seeds p e r 'cone = 4/4.. 1
4/7
Table 4Z2 . Cha-maec.vpsrls lawsonlana', Ch 82.
ieed setting in the cross Ch 82 x Ch 31, 1962,8,
Total Number
Cone number of of full 
seeds seedsHo.
Total Number 
Cone number of of full 
No. seeds seeds
1 18 10 14 19 9
2 16 11 15 19 11
3 20 8 16 20 9
4 22 13 17 19 9
5 19 9 18 13 7
s 19 10 19 16 7
7 19 ? 20 18 9
8 19 9 21 20 8
9 12 7 22 19 10
10 15 8 23 14 10
11 16 9 24 16 7
12 16 8 25 19 7
13 20 10
Total number of seeds sr 445
Mean nutaber of seeds per cone Si 17.7
Total number of full seeds 222
Mean number of full seeds per cone S3 8 .9
Percentage of full seeds per <cone ss 50.1
